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(57)Abstract: 

PROBLEM TO BE SOLVED: To efficiently introduce magnetic flux into 
a head by magnetically combine magnetization of a ferromagnetic 
layer with magnetization of a magnetic flux guide film and making the 
magnetic flux guide film continuous until a higher position than a 
magnetic field detecting element in the head heightwise direction. 
SOLUTION: A flux guide 2 as the magnetic flux guide film is formed 
continuously to a higher position than the magnetic field detecting 
element 3 in the head heightwise direction. An upper magnetic shield 
12 and a lower magnetic shield 1 1 provided via a nonmagnetic layer 
17 above and below this flux guide 2 respectively and the magnetic 
field detecting element 3 provided in a prescribed position adjacent to 
one main surface of the flux guide 2 are buried in the nonmagnetic 
layer 17, while an end part of the flux guide 2 and end parts of the 
upper magnetic shield 12 and the lower magnetic shield 1 1 are 
disposed to be in the same plane. Magnetic flux corresponding to a recording signal according to a. medium 
is guided to the magnetic field detecting element 3 by this flux guide 2. 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 



[Field of the Invention] This invention relates to thebiagnetic recording medium\which used the magnetic head, its 



process, and this magnetic head. It has high track recording density in more detail, and is related with the magnetic 
recording medium using the magnetic head which performs the contiguity record or contact record which wear of the 
magnetic head may produce, its process, and this magnetic head. 



[Description of the Prior Art] In recent years, the remarkable improvement in recording density is found centering on a 
hard disk drive unit, and the so-called adoption of the shielding mold MR (magnetoresi stive) head using magneto- 
resistive effect components, such as a permalloy, as the cause is raised. Moreover, adoption of the so-called GMR 
(giant-magnetoresistive) head using the formula on the other hand of the giant magneto-resistance generally called spin 
bulb tends to start as indicated by the Nikkei electronics and No.971 (September 23, Heisei 8) 84-93 page, for example 

[0003] However, the general GMR head of the structure which the end face of this giant magneto-resistance componen 
has exposed to magnetic-recording medium vicinal faces is used for the recording device of the surfacing method on 
condition of wear of the magnetic head. Contact sliding with a head and a medium takes place in the recording device 
of the method with which the magnetic head (only henceforth a "head") is made into the structure where contact to a 
magnetic-recording medium (only henceforth a "medium") cannot be disregarded, on the other hand. Or if surfacing 
distance is comparable as the surface roughness of a medium even if it is a surfacing method, contact to a head and a 
medium will be assumed by fixed frequency. Thus, in the recording device of the structure which contact to a head and 
a medium may produce, since damage on the GMR component by wear etc. takes place, the GMR component is not 
used for current. In such a recording device, it is necessary to arrange a field sensing element, for example, MR 
component, or a GMR component inside a head. It is common to use as this approach, magnetic-flux guidance film, 
i.e., the flux guide, which is indicated by JP,8-2553 12,A, for example. The cross-section explanatory view which 
looked at the cross-section explanatory view which saw the conventional flux guide mold MR head from the side face 
to drawing 31 from the top face to drawing 32 is shown, respectively. In drawing 3 1 and drawing 32 , 1 is a head 
sliding surface (only henceforth a "sliding surface"), 2a and 2b are flux guides, 3a is MR component, 5a and 5b are the 
magnetic gaps of a flux guide and MR component, 7 is a magnetic-recording medium (medium), 8a and 8b are 
electrodes, 9 is the width of recording track, 1 1 is bottom magnetic shielding, 12 is upper magnetic shielding, and Is is 
a sense current. In the following explanation of this specification, in view of a head, a sliding-surface side is called 
front and a sliding surface and the opposite side are called back. 

[0004] While MR component 3a is arranged between the bottom magnetic shielding 1 1 and the upper magnetic 
shielding 12, before and after MR component 3a, it insulates electrically and, as for the configuration of this head, MR 
component 3a has flux guide 2a and 2b, respectively. While the point of front flux guide (henceforth front flux guide) 
2a is exposed on the apical surface of the magnetic head which meets the magnetic-recording medium 7, i.e., a sliding 
surface, the back end section overlaps the front end section of MR component 3a through magnetic gap 5a. Moreover, 
the back end section of MR component 3a overlaps the point of back flux guide (henceforth back flux guide) 2b 
through magnetic gap 5b similarly. Moreover, 9 is equivalent to the width of recording track. 

[0005] Below, actuation of this head is explained. It passes in order of front flux guide 2a, MR component 3a, and back 
flux guide 2b, and the signal field generated from a magnetic-recording medium flows to the space (it goes to drawing 
31 and is a method of the right) of the bottom magnetic shielding 1 1 and the upper magnetic shielding 12, or the 
magnetic-head back end. Since the electric resistance of MR component 3a changes with the signal magnetic flux 
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[0001] 



[0002] 



which passes through the inside of MR component 3 a, a signal field is reproducible as electrical-potential -difference 
change between electrode 8a and electrode 8b by passing the sense current Is to MR component 3a from the electrodes 
8a and 8b prepared in the both ends of the truck cross direction of MR component 3a. Since MR component is 
insulated with flux guide 2a of the front and back, and 2b, the sense current Is flows only for MR component. This 
fundamental actuation is the same even if the MR components 3 are GMR components, such as a spin bulb. 
[0006] 

[Problem(s) to be Solved by the Invention] One of the problems of the head (henceforth a flux guide mold MR head) 
using said flux guide mold MR component is that the effectiveness which changes the signal field generated from a 
medium as electrical -potential-difference change of a sense current is considerably inferior to the head (henceforth a 
shielding mold MR head) which used the usual shielding mold MR component. The reason is explained. 
[0007] In the shielding mold MR head, a signal field passes MR component and flows to the space of the bottom 
magnetic shielding 1 1 and the upper magnetic shielding 12, or the magnetic-head back end. That is, the signal field 
generated from a medium goes into MR component of a shielding mold MR head directly. 

[0008] On the other hand, since the magnetic flux after passing the magnetic reluctance of magnetic gap 5a between th< 
magnetic reluctance of front flux guide 2a, and front flux guide 2a and the MR component 3, respectively goes into ME 
component in a flux guide mold MR head, before going into MR component, a great portion of signal magnetic flux 
will be absorbed by up-and-down magnetic shielding. Thus, since signal magnetic flux is absorbed by magnetic 
shielding, a flux guide mold MR head has the low effectiveness which changes a signal field. Moreover, in a flux guidt 
mold MR head, the magnetic reluctance of magnetic gap 5a between front flux guide 2a and MR component 3a is 
remarkably large. The effectiveness which changes a signal field is low and the trouble that the magnetic reluctance of 
a magnetic gap is large originates in the structure of a flux guide mold MR head. 

[0009] Moreover, the structure which prevents the loss of power by the flux guide by making common the magnetic 
force sencor of the GMR component film and MR component film arranged rather than the GMR component film at 
the sli ding-surface side, without using a flux guide for JP,8-287416,A is indicated as a means to arrange a GMR 
component inside a head. 

[0010] Furthermore, it is indicated by JP,8-287416,A that high power is obtained in the range that whose high power is 
obtained is range where MR height is smaller than the flying height of a head for example, whose width of face of MR 
component film is 10-20nm when the flying height is 20nm. However, if the flying height is [ the width of face of MR 
component film ] about 20nm in 20nm or a contact recording method, since the depth of the wear blemish in the head 
sliding surface by contact to a head and a medium may sometimes exceed [ enough ] 20nm, the layer structure by the 
side of the sliding surface of a GMR component may be disturbed. Moreover, there is only a maximum of about 20nm 
of no tolerance also to wear of a head. Although the flexible medium which applied the magnetic layer can be used 
especially as a magnetic-recording medium and a flexible medium is a cheap commutative medium, wear of a head 
becomes still larger and the problem that the layer structure by the side of a sliding surface may be disturbed becomes 
more remarkable. 

[001 1] Moreover, an example of the conventional flux guide mold MR head is indicated by JP,7-230610,A, for 
example. Drawing 33 is the cross-section explanatory view seen from the top face of the conventional flux guide mold 
MR head. In drawing 33 , 14 is a bottom gap and other signs are as common as drawing 31 and drawing 32 . As shown 
in drawing 33 , front flux guide 2a, MR component 3a, and back flux guide 2b touch, and are arranged, and the head 
which sets the ratio of the thickness of front flux guide 2a, and the specific resistance of a front flux guide and the 
specific resistance of MR component 3a as the predetermined range is indicated. However, since the thickness of front 
flux guide 2a cannot deal in 0.02 micrometers of high playback outputs desirably unless it is 0.05 micrometers or more 
it has the trouble that it cannot respond to high track recording density. 

[0012] Moreover, with this structure, it is easy to generate pinning to magnetization rotation in the interface of a front 
flux guide and MR component 3a. There is a trouble of being easy to generate the Barkhausen noise to which rotation 
pf magnetization becomes discontinuous and a regenerative signal is distorted by this pinning. 
[0013] It is made in order that this invention may solve the above problems, and the purpose of this invention arranges 
a field sensing element inside a head, and it is in offering the head which is high sensitivity and was excellent in 
abrasion resistance. 

[0014] Moreover, it is in other purposes of this invention offering the approach of manufacturing cheaply the head 
which a field sensing element is arranged inside a head, and is high sensitivity, and was excellent in abrasion resistance 

[0015] Moreover, it is in the purpose of further others of this invention offering the recording device using the head 
which a field sensing element is arranged inside a head, and is high sensitivity, and was excellent in abrasion resistance 
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and the flexible medium which applied the magnetic layer. 
[0016] 

(Means for Solving the Problem] The magnetic-flux guidance film with which the magnetic head in connection with 
claim 1 of this invention has soft magnetic characteristics (flux guide), Two magnetic shielding of this magnetic-flux 
guidance film prepared through a non-magnetic layer, respectively up and down, The field sensing element prepared in 
the position which touches one principal plane of this magnetic-flux guidance film is provided. It is arranged so that th< 
edge of two magnetic shielding may become the same flat-surface top, and a part of sliding surface as the magnetic 
head is made, this magnetic-flux guidance film -- and - this - Said field sensing element contains the ferromagnetic 
layer from which the direction of magnetization changes with the external magnetic fields in the location distant from 
this sliding surface. Said magnetic-flux guidance film is the magnetic head which leads the magnetic flux 
corresponding to the record signal specified by the external magnetic field to said field sensing element. (1) On said 
position, a laminating is carried out and magnetization of said ferromagnetic layer is magnetically combined with 
magnetization of this magnetic-flux guidance film so that said ferromagnetic layer contained in this field sensing 
element may touch said magnetic-flux guidance film directly. (2) -- said magnetic-flux guidance film is the magnetic 
head which is continuing to a location higher than said field sensing element to the head height direction. [ and ] 
[0017] In the head in connection with claim 2 of this invention Said field sensing element is a huge magnetic effect 
component. This huge magnetic effect component The 1st ferromagnetic layer, Magnetization of the 1st ferromagnetic 
layer is magnetically combined with magnetization of this magnetic-flux guidance film, from a non-magnetic layer and 
the 2nd ferromagnetic layer - becoming ~ this ~ the 1st ferromagnetic layer — said some of magnetic-flux guidance 
film — a laminating is turned up — having — this — And the thing currently continued to a location higher than said 
huge magnetic effect component to the head height direction said magnetic-flux guidance film Since the magnetic flux 
corresponding to the signal field which flows into a flux guide can be efficiently introduced into the interior of a head, 
and the rotation of magnetization and the rotation of magnetization of the magnetic force sencor of a field sensing 
element according to the signal field of a flux guide can be combined directly, and it can deal in an efficient head, it is 
desirable. 

[0018] In the head in connection with claim 3 of this invention, the distance of said sliding surface and the end face of 
the side near this sliding surface of said field sensing element is 0.1 micrometers or more, and since not exceeding 30 
times of the distance of said field sensing element and magnetic shielding which is most close to this field sensing 
element can introduce efficiently into the interior of a head the magnetic flux corresponding to the signal field which 
flows into a flux guide, and it can deal in an efficient head, it is desirable. 

[0019] In the head in connection with claim 4 of this invention With said sliding surface of said magnetic-flux guidano 
film, the distance of the end face of the opposite side and the end face of a side far from said sliding surface of said 
field sensing element That they are 1/2 or more times [ 10 or less ] of the distance of the both ends of the head height 
direction of said field sensing element to the part magnetically combined with the field sensing element of a flux guide 
by switched connection Since the magnetic flux corresponding to a signal field can be drawn efficiently, and it can dea 
in an efficient head, it is desirable. 

[0020] In the head in connection with claim 5 of this invention, when the saturation magnetization of said magnetic- 
flux guidance film was set to Mf, thickness was set to Tf, the saturation magnetization of the magnetic force sencor of 
said field sensing element is set to Ml and thickness is set to Tl, it is easy for control of the magnetic domain of a flux 
guide for it to be 0.2 <=(M1, Tl)/(Mf-Tf)<=0.7, and playback sensibility is high, and since a noise can deal in a small 
head, it is desirable. 

[0021] In the head in connection with claim 6 of this invention, since it can deal in an efficient head that the thickness 
Tf of said magnetic-flux guidance film is 0.5 nm<=Tf<=20nm, it is desirable. 

[0022] The magnetic-flux guidance film with which the magnetic recording medium in connection with claim 7 of this 
invention has the magnetic head and a magnetic-recording medium, and this magnetic head has soft magnetic 
characteristics, Two magnetic shielding of this magnetic-flux guidance film prepared through a non-magnetic layer, 
respectively up and down, The field sensing element prepared in the position which touches one principal plane of this 
magnetic-flux guidance film is provided. It is arranged so that the edge of two magnetic shielding may become the 
same flat-surface top, and a part of sliding surface as the magnetic head is made, this magnetic-flux guidance film - 
and -- this -- Said field sensing element contains the ferromagnetic layer from which the direction of magnetization 
changes with the external magnetic fields in the location distant from this sliding surface. Said magnetic-flux guidance 
film leads the magnetic flux corresponding to the record signal specified by this external magnetic field to said field 
sensing element. Said magnetic-recording medium is a flexible medium, and it is the magnetic recording medium 
which comes to contain the binder holding the magnetic particle contained in this magnetic-recording medium, and this 
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magnetic particle. (1) On said position, a laminating is carried out and magnetization of said ferromagnetic layer is 
magnetically combined with magnetization of this magnetic-flux guidance film so that said ferromagnetic layer 
contained in said field sensing element may touch said magnetic-flux guidance film directly. (2) - said magnetic-flux 
guidance film is a magnetic recording medium which is continuing to a location higher than said field sensing element 
to the head height direction. [ and ] 

[0023] In the magnetic recording medium in connection with claim 8 of this invention Said field sensing element is a 
huge magnetic effect component. This huge magnetic effect component The 1st ferromagnetic layer, Magnetization of 
the 1st ferromagnetic layer is magnetically combined with magnetization of this magnetic-flux guidance film, from a 
non-magnetic layer and the 2nd ferromagnetic layer — becoming — this - the 1st ferromagnetic layer - said some of 
magnetic-flux guidance film » a laminating is turned up - having » this » And the thing currently continued to a 
location higher than said huge magnetic effect component to the head height direction said magnetic-flux guidance filn 
Since the magnetic flux corresponding to the signal field which flows into the magnetic-flux guidance film can be 
efficiently introduced into the interior of a head, and the rotation of magnetization and the rotation of magnetization of 
the magnetic force sencor of a field sensing element according to the signal field of the magnetic-flux guidance film 
can be combined directly, and it can deal in an efficient head, it is desirable. 

[0024] In the magnetic recording medium in connection with claim 9 of this invention, the distance of said sliding 
surface and the end face of the side near this sliding surface of said field sensing element is 0.1 micrometers or more, 
and since not exceeding 30 times of the distance of said field sensing element and magnetic shielding which is most 
close to this field sensing element can introduce efficiently into the interior of a head the magnetic flux corresponding 
to the signal field which flows into a flux guide, and it can deal in an efficient head, it is desirable. 
[0025] In the magnetic recording medium in connection with claim 10 of this invention With said sliding surface of 
said magnetic-flux guidance film, the distance of the end face of the opposite side and the end face of a side far from 
said sliding surface of said field sensing element That they are 1/2 or more times [ 10 or less ] of the distance of the 
both ends of the head height direction of said field sensing element to the part magnetically combined with the field 
sensing element of a flux guide by switched connection Since the magnetic flux corresponding to a signal field can be 
drawn efficiently, and it can deal in an efficient head, it is desirable. 

[0026] In the magnetic recording medium in connection with claim 1 1 of this invention, when the saturation 
magnetization of said magnetic-flux guidance film was set to Mf, thickness was set to Tf, the saturation magnetization 
of the magnetic force sencor of said field sensing element is set to Ml and thickness is set to Tl, it is easy for control o 
the magnetic domain of a flux guide for it to be 0.2 <=(M1, Tl)/(Mf-Tf)<=0.7, and playback sensibility is high, and 
since a noise can deal in a small head, it is desirable. 

[0027] In the magnetic recording medium in connection with claim 12 of this invention, since it can deal in an efficient 
head that the thickness Tf of said magnetic-flux guidance film is 0.5 nm<<Tf<=20nm, it is desirable. 
[0028] In the magnetic recording medium in connection with claim 13 of this invention, since that the average surface 
roughness of said magnetic-recording medium is 0.1 nm or more lOnm or less can deal in a cheap magnetic recording 
medium, it is desirable. 

[0029] The process of the magnetic head in connection with claim 14 of this invention The process which forms the 1st 
magnetic shielding, the process which forms the 1st (a-2) insulating layer, (a-1) The process which carries out the 
laminating of the field sensing element one by one, the process which regulates field (a-4) sensing element height, (a-3 
The 2nd insulator layer is formed with the resist left used for regulation of field sensing element height, (a-5) The 
process which carries out lift off after it, the process which forms the magnetic-flux (a-6) guidance film, (a-7) The 
process which forms the wiring material film by the lift-off method, the process which regulates magnetic-flux (a-8) 
guidance film height, the process which forms the 3rd (a-9) insulating layer, and the process which forms the 2nd (a- 
10) magnetic shielding are included. 

[0030] Moreover, the process of the magnetic head in connection with claim 15 of this invention The process which 
forms the 1st magnetic shielding, the process which forms the 1st (b-2) insulating layer, (b-1) The process which forms 
the 1st magnetic-flux guidance film, the process which carries out the laminating of the field (b-4) sensing element one 
by one, (b-3) The 2nd magnetic-flux guidance film is formed with the process which regulates field sensing element 
height, and the resist left used for regulation of field (b-6) sensing element height, (b-5) The process which carries out 
lift off after it, the process which forms the wiring material (b-7) film by the lift-off method, the process which 
regulates magnetic-flux (b-8) guidance film height, the process which forms the 2nd (b-9) insulating layer, and the 
process which forms the 2nd (b-10) magnetic shielding are included. 

[003 1] As for the field sensing element using MR, GMR, etc., a signal changes by change of the sense of magnetizatioi 
of a magnetic force sencor, i.e., change of a magnetization angle of rotation. The head of the conventional flux guide 
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mold introduces the magnetic flux corresponding to a signal field into the interior of a flux guide, impresses a field to a 
field sensing element by that cause, and is changing the sense of magnetization of a magnetic force sencor as the result. 
For this reason, it is inefficient, in order for conversion of the three-stage of changing into magnetic flux, changing into 
a field, and changing into a magnetization angle of rotation further to be between a signal field and a field sensing 
element and to detect change of magnetization. 

[0032] According to this invention, by switched connection The magnetization rotation inside a flux guide In order to 
consider directly (it is only hereafter called "magnetization rotation of a flux guide") as the magnetization rotation (onb 
henceforth magnetization rotation of "magnetic force sencor") inside the magnetic force sencor of a field sensing 
element, Since the conversion efficiency between a signal field and a field sensing element is very good and the flux 
guide is continuing to the interior of a head further rather than the field sensing element It is few, and during a flux 
guide, the effect of an anti-field by the magnetic pole which appears in the sliding surface of a flux guide and the edge 
of the opposite side can be efficient, and can draw the magnetic flux corresponding to the signal field generated from 
the medium to the interior of a head. Furthermore, since the flux guide is continuing, it is hard to generate the part 
which carries out the pin stop of the magnetization rotation used as the reason of Barkhausen noise generating. 
[0033] Although the field sensing element has been arranged inside a head so that tolerance may be given to this 
thermal asperity, head wear, etc., although turbulence of the signal produced with the frictional heat which for the 
above reason is generated when a head and a medium contact is generally called thermal asperity, compared with the 
conventional head, it may have still higher playback sensibility and stability. 

[0034] Furthermore, the distance of the edge of a field sensing element and a head sliding surface can raise the abrasioi 
characteristics-proof of a head by a certain thing by 0.1 micrometers or more. Moreover, when said distance is 30 or 
less times of the distance of the part which is most close among magnetic shielding of one of the upper and lower sides 
it can respond to the signal field generated from the medium, and can make it small to decrease, when being absorbed 
by magnetic shielding, by the time the magnetic flux drawn in the flux guide arrives at the edge of a field sensing 
element. 

[0035] Furthermore, the distance of the end face of the opposite side of the magnetic-head sliding surface of a flux 
guide and the end face of a side far from the magnetic-head sliding surface of a field sensing element can make small 
attenuation of the magnetic flux which passes a flux guide by a certain thing also in the location of the end face of a 
side far from the magnetic-head sliding surface of a field sensing element 1/2 or more of the field sensing element 
height which is the distance of the both ends of the head height direction of a field sensing element. 
[0036] Furthermore, set the saturation magnetization of the magnetic-flux guidance film to Mf, and set thickness to Tf, 
and express the saturation magnetization of the magnetic force sencor of a field sensing element as Ml, and thickness i 
expressed as Tl. When the magnetic force sencor of the magnetic-flux guidance film or a field sensing element consist 
of multilayers and Mf-Tf and Ml, and Tl shall be expressed with the numeric value adding the product of the 
saturation magnetization of each class, and thickness, formula (1) : R=(M1, Tl)/(Mf-Tf) (1) 
the ratio obtained as be alike ~ the magnetic properties of the magnetic force sencor of a field sensing element can 
lessen effect which it has on magnetization rotation actuation of a flux guide in the range which does not lose the 
function of the magnetic force sencor of a field sensing element by having made the value of R into 0.2 or more and 0.' 
or less. 

[0037] Furthermore, the magnetic properties of the part magnetically combined by switched connection in the magnetit 
force sencor of a field sensing element in the flux guide can make effect of the magnetic properties of a magnetic force 
sencor hard to be influenced while enlarging magnetic flux drawn during a flux guide corresponding to the signal field 
generated from the medium when the thickness of a flux guide was 5nm or more. Moreover, when the thickness of a 
flux guide is 20nm or less, the sensibility of a longitudinal direction can be raised and the insulation with magnetic 
shielding can be made easy. 

[0038] Moreover, it sets to an antiferromagnetism layer, the 2nd ferromagnetic layer, a non-magnetic layer, and the 
field sensing element to which the laminating of the 1st ferromagnetic layer membrane is carried out one by one. By 
forming the 2nd insulator layer, with two processes, i.e., the process which regulates field (a-4) sensing element height, 
and the resist left used for regulation of field (a-5) sensing element height, and being with the process which carries oul 
lift off after it Since an antiferromagnetism layer, the 2nd ferromagnetic layer, etc. by which a flux guide is included in 
a GMR component are contacted, it can prevent that magnetic properties are confused. Moreover, it can deal in the 
stability of the magnetic properties of a flux guide by making the membrane formation side of a flux guide flat. 
[0039] Moreover, it sets to the field sensing element to which the laminating of the 1st ferromagnetic layer, a non- 
magnetic layer, the 2nd ferromagnetic layer, and the antiferromagnetism layer is carried out one by one. Two 
processes, i.e., the process which forms the 1st (b-3) flux guide film, The process which performs the process which 
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" carries out the laminating of the 1st ferromagnetic layer, a non-magnetic layer, the 2nd ferromagnetic layer, and the 
antiferromagnetism layer one by one, and regulates field (b-5) sensing element height further, (b-4) (b-6) By forming 

. the 2nd flux guide, with the resist left used for regulation of field sensing element height, and using the process which 
carries out lift off after it Since the process which regulates field sensing element height can be manufactured without 
using the lift-off method, stabilization of the property of a field sensing element is obtained. 

[0040] Moreover, although it is cheap, since the head in connection with this invention can permit wear of a constant 
rate also to the flexible medium which is inferior in surface roughness as compared with a spatter hard disk medium, it 
deals in a reliable head media interface. Moreover, since a field sensing element can fully be similarly separated from a 
sliding surface to thermal asperity, the problem of wear of a head is avoidable. Furthermore, while being able to 
increase the tolerance of the problem mentioned above by setting average surface roughness Ra of a flexible medium t( 
lOnm or less, effectual opening loss in the case of a contact recording method or a low surfacing recording method can 
be made almost unrelated to the surface roughness of a medium. 
[0041] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a detail, referring to 
an accompanying drawing. 

[0042] Gestalt 1. drawing 1 and drawing 2 of operation are the cross-section explanatory view which looked at the 
principal part of the magnetic head (head) in connection with the gestalt of 1 operation of this invention from the cross- 
section explanatory view and the lower part which were seen from the side face, respectively. In drawing 1 , 1 is a heac 
sliding surface (sliding surface), and 2 is a flux guide which is the magnetic-flux guidance film. For example, the film 
of presentation Co91.6Zr2.5Nb5. 9 (at%) is formed by the spatter. It has uniaxial anisotropy with a thickness of about 
lOnm crosswise [ truck ], and it is formed so that it may continue to a high location to the head height direction (it is 
only called the head height direction the direction of a normal of a sliding surface, and the following) rather than the 
field sensing element 3 described below. Moreover, 3 is a field sensing element, 1 1 is bottom magnetic shielding, 12 is 
upper magnetic shielding, 4a is the bottom gap length equivalent to the distance of the top face of magnetic shielding 
1 1, and the inferior surface of tongue of the flux guide 2, and 4b is the upper gap length equivalent to the distance of 
the inferior surface of tongue of the upper magnetic shielding 11, and the top face of the flux guide 2. 17 is a non- 
magnetic layer, 20 is flux guide height which is the overall length of a flux guide, and is drawing-in height in which 21 
is equivalent to the distance of a sliding surface 1 and the end face of the side near the sliding surface 1 of the field 
sensing element 3, 22 is the field sensing element height equivalent to the width of face of the field sensing element 3, 
and 23 is the outflow height equivalent to the distance of the end face of a side far from the sliding surface 1 of the fiel< 
sensing element 3, the sliding surface 1 of the flux guide 2, and the end face of the opposite side. Parts other than a flu> 
guide, a field sensing element, upper magnetic shielding, and bottom magnetic shielding are non-magnetic layers 17 
among the principal parts of the head shown in drawing 1 . Moreover, in drawing 2 , 8a and 8b are electrodes, and 9 is 
equivalent to regenerative-track width of face. As shown in drawing 1 and drawing 2 , the head in connection with this 
invention A flux guide, and upper magnetic shielding of a flux guide prepared through a non-magnetic layer 17, 
respectively up and down and bottom magnetic shielding, The field sensing element prepared in the position which 
touches one principal plane ( drawing 1 is shown by Sign S) of a flux guide is embedded at a non-magnetic layer 17. 
And it is arranged so that the edge of the edge of a flux guide, upper magnetic shielding, and bottom magnetic shieldinj 
may become the same flat-surface top, and it is made for this flat surface to have a part of sliding surface as a head 
made. The flux guide 2 leads the magnetic flux corresponding to the record signal by the medium to a field sensing 
element, is formed with the ingredient which has soft magnetic characteristics, and can raise Co-Zr-Nb as an example 
of an ingredient. The ingredient which has soft magnetic characteristics is used and up-and-down magnetic shielding 
can raise Co-Zr-Nb etc. as an example. Moreover, for example, into the non-magnetic layer 17 which consists of 
aluminum 203 etc., as these components are embedded, they are arranged. 
I [0043] The cross-section expansion explanatory view of the GMR component of spin bulb structure is shown in 
drawing 3 as an example of a field sensing element. It is the 1st ferromagnetic layer which 31 turns into from two-layei 
[ of 3 la and 3 lb ] in drawing 3 . The 1st ferromagnetic layer is equivalent to the magnetic force sencor of a field 
sensing element. 31a The permalloy film with a thickness of 4nm, 31b -- Co film with a thickness of lnm -- some 
predetermined flux guides 2 - the principal plane top expressed with the sign S of a top, i.e., drawing 1 , -- and — for 
example, the laminating of the drawing-in height 21 is carried out to the location where 0.5 micrometers and the 
outflow height 23 become [ 0.3 micrometers and the field sensing element height 22 ] 0.3 micrometers. 32 is a spacer 
which consists of a non-magnetic layer for separating the switched connection of the 1st ferromagnetic layer and the 
2nd ferromagnetic layer, for example, is Cu film with a thickness of 2.3nm. 33 is 2nd ferromagnetic layer which 
consists of two-layer [ of 33a and 33b ], for example, 33a is the permalloy film with a thickness of 4nm, and 33b is Co 
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film with a thickness of lnm. Moreover, 34 is an antiferromagnetism layer which consists of NiO with a thickness of 

50nm. s ■ ^ 

.V [0044] As a field sensing element, MR component and the tunnel MR component (henceforth a TMR component) othe 
than a GMR component can be used. A TMR component use s the effectiveness that the tunnel current which flows 
between the 1st ferromagnetic layer and the 2nd ferromagnetic layer changes with the differences of the sense of 
relative magnetization of the 1st ferromagnetic layer and the 2nd ferromagnetic layer. When using MR component, as < 
field sensing element, it is good in the 1st fe rromagne tic layer, i. e., the mag netic force sencor o f a field sensing 
c— etemsnt^Moreover, the bias field (henceforth a horizontal bias tield) for leaning the sense of magnetization of the 
magnetic force sencor of a field sensing element in the head height direction about 45 degrees from the truck cross 
direction which is the direction of an easy axis is needed. As the field impression approach, a current line can be 
arranged through an insulating layer on for example, a field sensing element, and the field generated according to the 
current which flows on the current line can be used. When using a TMR component , a spacer is an ultra-thin insulator 
layer without the pinhole and distortion like the natural oxidation film of aluminum. Moreover, Electrodes 8a and 8b 
are connected to the 1st ferromagnetic layer, the 2nd ferromagnetic layer, or its reverse, respectively. The 
ferromagnetic layer of the predetermined configuration of a flux guide which it turns a laminating up, and 
magnetization of a ferromagnetic layer is magnetically combine d with magnetization of a flux guide in part up, and the 
flux guide is following to a location higher than field sensing element height to the head height direction it is a 
magnetic force sencor in any case of whose is the same. Since said jferromagnetic layer is used as the magnetic force 
sencor of a field sensing eleme nt, the ingredient which has soft magnetic characteristics, such as jiickel79-Fe21 , is 
used. Moreover, when a field sensing element is GMR, a spacer is nonmagnetic in order to separate the switched 
connection of the 1st ferromagnetic layer and the 2nd ferromagnetic layer, and the small ingredient of electronic 
dispersion is suitable by the interface with the 1st ferromagnetic layer and the 2nd ferromagnetic layer, and it can raise 
copper as an example. The sgnse of magnetization is fi xed by the antiferromagnetism layer and, as for the 2nd 
ferromagnetic layer, nickel -fb is raised as well as the 1st ferromagnetic as an example by it. Furthermore, a switched 
connection field is large, the blocking temperature which is the temperature whose switched connection field is lost is 
high, the ingredient which has practical corrosion resistance is used, and an antiferromagnetism layer can raise Ir-Mn 
etc. as an example. 

[0045] Actuation of the magnetic head in connection with the gestalt of this operation is explained below. The cross- 
section explanatory view seen from the side face when the magnetization transition region 41 of a medium 7 comes 
directly under the flux guide 2 of a head is indicated to be the head which is the gestalt of the 1 operation of this 
invention to drawing 4 . Moreover, the sectional view seen from the side face when the magnetization transition region 
41 moves to a longitudinal direction relatively one by one is shown in drawing 5 and drawing 6 . In drawing 4 , 
drawing 5 , and drawing 6 , 41 is a magnetization transition region, 7 is a magnetic-recording medium (medium) and 
other signs are [ 42 is the flow (only henceforth "magnetic flux") of magnetic flux, and ] as common as drawing 1 . 
Moreover, in order to show the flow of magnetic flux, the flux guide etc. omitted and showed hatching. Here, the 
magnetization direction of a medium is set up so that N pole and N pole may counter across the magnetization 
transition region 41, therefore magnetic flux 42 is also illustrated so that an arrow head may counter across a 
magnetization transition region. As shown in drawing 4 , magnetic flux 42 flows into the flux guide 2 from a medium 
7, and most is attained to near the end face of a side far from the sliding surface 1 of the flux guide 2, it escapes from it 
to the bottom magnetic shielding 1 1 and the upper magnetic shielding 12, and a part escapes from it from the middle oi 
the flux guide 2 to the bottom magnetic shielding 1 1 and the upper magnetic shielding. 12. However, magnetic flux 42 
shows notionally the magnitude of the direction of an arrow head, the direction where magnetic flux flows by die 
length, and a number. Fixed magnetization rotation is performed according to the magnetic flux to which each part of 
the flux guide 2 flows. Since magnetization of the 1st ferromagnetic layer 3 1 equivalent to the magnetic force sencor oi 
the GMR component used as a field sensing element 3 is combined by magnetization and switched connection of the 
flux guide 2, in the 1st ferromagnetic layer 31 which is a magnetic force sencor, magnetization rotation comparable as 
magnetization rotation of the flux guide 2 takes place. It is a formula (1) although mentioned later in detail. : R=(M1, 
Tl)/(Mf-Tf) (1) 

the ratio obtained as be alike — since R was made about into 0.6, the effect of magnetization of the 1st [ to 
magnetization rotation of a flux guide ] ferromagnetic layer 3 1 is small, and this becomes comparable as the case when 
only the flux guide 2 is taken into consideration. Change of resistance is obtained considerable the bottom whenever 
[ magnetization angle-of-rotation / of the 1st ferromagnetic layer 31/, i.e., magnetization angle of rotation of flux 
guide, and angular relation / of magnetization of each other of the 2nd ferromagnetic layer 33 fixed to the 
antiferromagnetism layer 34 ]. In drawing 2 , it can deal in a signal corresponding to resistance change of the field 

http ://www4 . i pdl . nci pi . go j p/ cgi -bin/tran_web_cgi_ej j e 7/2 1 /0: 



sensing element 3 as electrical-potential-difference change between Electrodes 8a and 8b by passing the sense current 
of constant value from electrode 8a to electrode 8b, using this resistance change. 

[0046] In order for the magnetic flux which came out from about 41 magnetization transition region to flow into one 
magnetic shielding (here upper magnetic shielding 12) directly next rather than it flows into the flux guide 2 when the 
magnetization transition region 41 moves to a longitudinal direction relatively one by one as shown in drawing 5 , the 
magnetization angle of rotation of the 1st ferromagnetic layer 31 in the field sensing element 3 becomes small. That is, 
the spatial resolving power of the longitudinal direction of the magnetic head improves, so that bottom gap length 4a 
and upper gap length 4b are narrow. The rate of which the magnetic flux which once flowed into the flux guide does 
not arrive to the field sensing element 3 on the other hand, but it slips out to magnetic shielding becomes so large that 
bottom gap length 4a and upper gap length 4b are narrow. 

[0047] Gestalt 1 . of the operation of this invention to the next is explained more to a detail. Drawing 7 is a graph which 
shows distribution of the flux density in the flux guide at the time of using the medium of coercive force 340 kA/m, 
residual magnetization 0.42T, and 0.2 micrometers of medium thickness. The axis of abscissa shows (distance from 
sliding surface)/(gap length), and the axis of ordinate shows gap length. Moreover, (b) of drawing 7 expands and 
indicates the range from 0.8 to 1 of flux density (T) to be 0 to 10 of (distance from sliding surface)/(gap length) among 
(a) of drawing 7 . In drawing 7 , each of flux guide height and distance from a sliding surface is standardized by gap 
length, and the flux density in a flux guide is shown. That is, when changing the distance from a sliding surface which 
made the parameter the value Q which **(ed) flux guide height by gap length, and was similarly standardized by gap 
length in each head which set up flux guide height so that a value Q might be set to 10, 20, 30, 40, or 100, it is shown 
how the flux density in a flux guide changes. However, the arrangement relation between a head and a medium is the 
same as that of the arrangement shown in drawing 4 , and the thickness of IT and a flux guide of the saturation 
magnetic flux density of the flux guide 2 is lOnm. As shown in drawing 15 mentioned later, when having **(ed) and 
standardized the distance from a sliding surface by gap length as mentioned above sets the flux density in a flux guide 
constant, the distance and gap length from a sliding surface are because it has a proportional relation. As shown in 
drawing 7 , the flux density under flux guide is max in the distance 1-4 from the standardized sliding surface. 
Therefore, it turns out [ which standardized arrangement of the field sensing element 3 ] that flux density will become 
high most about 1 and the standardized field sensing element height 22 in it by drawing if height 21 is made or less intc 
three, therefore playback sensibility becomes high. However, with the gestalt of operation of the head made as an 
experiment, in consideration of the convenience and the dependability demanded of manufacture precision, each of 
upper gap lengths and bottom gap lengths was set to 0. 1 micrometers, and the drawing-in height 21 set 0.3 micrometers 
and the field sensing element height 22 to about 0.5 micrometers. Although drawing-in height expresses the distance oi 
a sliding surface and the end face of the side near the sliding surface of a field sensing element, drawing-in height is 
defined in the range which is 0. 1 micrometers or more and does not exceed 30 times of the distance of a field sensing 
element and most close magnetic shielding. 

[0048] Here, 0.1 micrometers and the reason to limit are that the effect (henceforth thermal asperity) which it has on th* 
magnetic parametric performance of the flash plate temperature produced from the frictional heat generated when a 
head contacts the projection in the irregularity on the front face of a medium besides a wear-resistant viewpoint can 
ignore as a matter of fact. Drawing-in height is 10% or less by 0.1 micrometers to fluctuation of the playback output 
according [ drawing-in height ] to thermal asperity occurring about 20 to 50% in 0.05 micrometers by the magnetic 
head made as an experiment in the gestalt of this operation. Moreover, the reason which will be limited if said 30 times 
are not exceeded is not based on flux guide height, but is for magnetic flux not to pass through under a flux guide 
mostly in 30 or more times so that clearly from drawing 7 R> 7. Moreover, when the standardized flux guide height 
compares the thing of 30 with the thing of 40-100, the distance from the standardized sliding surface is comparable flu: 
density distribution or less in 30. Since the flowing sense current shunts between Electrodes 8a and 8b also toward a 
flux guide with the head in connection with this invention and the magnetic-reluctance rate of change as the whole is 
reduced, from this viewpoint, the smaller one of the flux guide height 20 is desirable. For this reason, under a prototype 
head, the flux guide height 20 has optimal 3 micrometers. 

[0049] gestalt 2. of operation - drawing is used and explained below based on an example of the head which made the 
process of the head of this invention as an experiment. In these drawings, 15 is an insulator layer, and 3b is a GMR 
component and it is [ 13 is a substrate and / 14 is a bottom gap and / 61 is a resist (photoresist) and ] drawing 8 , and 9, 
10, 11, 12, 13 and 14 are the explanatory views showing the production process of the head in connection with the 
gestalt of this operation, and the same [ other signs ] as that of the sign shown by drawing 1 - drawing 7 . In addition, 
the following drawings show the cross-section explanatory view seen from the sliding surface, and the cross-section 
explanatory view seen from the side face at coincidence to a plan, its bottom, and its right, respectively. 
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[0050] First, the alumina titanium-carbide substrate covered with the insulator layer as a substrate 13 The Co-Zr-Nb 
film used as the bottom magnetic shielding 1 1 which is the 1st magnetic shielding (it is hereafter called the Al Chick 
substrate) 1 micrometer, Form membranes by the sputtering method and it etches by using a photoengraving-process 
technique for a predetermined configuration (process (a-1)). The place which formed 0.1 micrometers of alumina 
insulator layers used as the bottom gap 14 after it (process (a-2)), and formed GMR component 3b by the sputtering 
method as a field sensing element is shown in drawing 8 . In order to form GMR component 3b, 0.5nm and a permallo; 
were carried out for Co as an antiferromagnetism layer, the laminating of the 4nm was carried out one by one as 50nm 
and 2nd ferromagnetic layer 33 as 1st ferromagnetic layer which consists Cu of 2.3nm and two-layer in a permalloy 
considering 3nm and Co as Inm and a non-magnetic layer, and NiO was formed (process (a-3)). Moreover, a protectiv< 
coat and the substrate film (not shown) were prepared in the upper and lower sides of GMR component 3b. The resist 
61 was formed in order to form the field sensing element height 22 next, as shown in drawing 9 (process (a-4)). Next, 
as shown in drawing 10 , excessive GMR component 3b was etched and the field sensing element height 22 was 
formed, next, equivalent to the thickness of a field sensing element in the insulator layer 15 which consists of an 
alumina, as shown in drawing 1 1 — about 52nm formed membranes and field sensing element height was regulated 
(process (a-5)). 

[0051] As shown in drawing 12 below, the resist 61 was removed by the lift-off method, and after making a front face 
into clarification so that switched connection may be carried out to the 1st ferromagnetic layer which is the magnetic 
force sencor of GMR component 3b in a reverse spatter etc., lOnm of Co-Zr-Nb was formed as a flux guide 2 (process 
(a-6)). After having formed the resist 62 of the width of face equivalent to the width of recording track next as shown ii 
drawing 13 , and forming the film of Cu 150nm in thickness to electrode 8a and 8b, the resist was removed by the lift- 
off method (process (a-7)). In order to flow out next as shown in drawing 14 , and to decide the back end of the flux 
guide corresponding to height 23, resist formation, etching, and resist removal were performed (process (a-8)). It was 
made for outflow height to be here set to 0.3 micrometers. After it performed formation (process (a-9)) of the upper gaj 
16 (not shown), formation (process (a-10)) of the upper magnetic shielding 12 (not shown) which is the 2nd magnetic- 
shielding film, formation of a recording head, formation of a protective coat, formation of the electrode drawer section, 
etc. (neither is illustrated), performed slider processing which determines the drawing-in height 21, and obtained the 
prototype head. Here, it drew and height 21 was set to 0.3 micrometers. 

[0052] Moreover, in order to aim at improvement in the soft magnetic characteristics of the bottom magnetic-shielding 
film after a process (a-1), concerning annealing Annealing which impresses about 10,000 A/m of direct-current fields 
crosswise [ truck ], and is performed at 350 degrees, In order to carry out the easy axis of the 2nd ferromagnetic layer 
in the head height direction and to carry out the 1st ferromagnetic layer and the easy axis of a flux guide crosswise 
[ truck ] after a process (a-8) After having carried out the temperature up to 250 degrees C all over the annealing 
furnace, impressing direct-current field 80,000 A/m extent in the head height direction and holding for about 1 hour, 
annealing which makes it 170 degrees C, impresses direct-current field 10,000 A/m extent in the width-of-recording- 
track head height direction, and is held for about 1 hour was performed suitably. About the direction of magnetization, 
the easy direction of magnetization of the flux guide 2 and the 1st ferromagnetic layer 3 1 was the truck cross direction 
mostly, and moreover it set up mostly the easy direction of magnetization of the 2nd ferromagnetic layer 33 in the flux 
guide height direction, the easy direction of magnetization was mostly made into the truck cross direction also about 
magnetic shielding. 

[0053] When average-of-roughness-height Ra of this head made as an experiment, and a coercive force 340 kA/m, 
residual magnetization 0.42T, 0.2 micrometers of medium thickness and a front face measured record reproducing 
characteristics using the flexible medium of metal spreading which is 8nm, the stable output wave without thermal 
asperity or a Barkhausen noise was acquired. 

[0054] gestalt 3. of operation - next, it draws with the upper gap 14 and the bottom gap 16, and the relation of height 
21 is explained. Drawing 15 is the graph which showed the relation of the distance from the sliding surface from which 
the flux density inside a flux guide is set to 0.2T and 0.05T to the distance 14 between magnetic shielding and a flux 
guide, i.e., an upper gap, and the bottom gap 16. Among drawing, "single-sided magnetic shielding" shows the case 
where magnetic shielding is only in one of the upper and lower sides, and says the case where "both-sides magnetic 
shielding" has up-and-down magnetic shielding in the same distance to a flux guide. Moreover, the flux guide height 2( 
was set to 10 micrometers, and the thickness was set to lOnm. This drawing shows that the distance between magnetic 
shielding and a flux guide is proportional to the distance which magnetic flux reaches mostly. Moreover, it turns out 
that there are not a case where magnetic shielding is existed in the equal distance only as for one side at both sides, and 
a remarkable difference, moreover - since the distance from a sliding surface of the ability of 20% or more of 
resistance rate of change to be used is to about 20 times of the distance between magnetic shielding and a flux guide 
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and it is to about 30 times that 5% or more of resistance rate of change can be used - drawing-in height - the distance 
between magnetic shielding and a flux guide - it is necessary to take desirably for 20 or less times 30 or less times In 
addition, as for this relation, the thickness of a flux guide hardly changes in the range from 5nm to 20nm. Moreover, 
these relation will be materialized if there is 100 or more-about permeability of a flux guide. 
[0055] Moreover, drawing 16 is the cross-section explanatory view seen from the side face of the magnetic head in 
connection with the gestalt of this operation. The sign shown in drawing is as common as the sign shown in drawing 1 
If both or one of the two of an upper gap and a bottom gap is narrowed on a sliding surface and made large inside a 
head, as shown in drawing 16 , while dealing in high track recording density, since the distance which the magnetic 
flux in the flux guide 2 reaches is extended, a magnetic parametric performance top is desirable. 
[0056] gestalt 4. of operation - the outflow height 23 of a flux guide is explained below. Drawing 17 is the graph 
which the drawing-in height 21 is 0.3 micrometers, and showed the relation of the outflow height 23 and playback 
output at the time of measuring record reproducing characteristics using a flexible medium. The axis of abscissa shows 
the ratio of outflow height to field sensing element height (GMR height), and the axis of ordinate shows the ratio 
(relative playback output) of a playback output to a playback output in case there is no outflow height. According to th< 
result shown in this drawing 17 , it turns out that the playback output of the ratio of outflow height to field sensing 
element height improves rapidly as for 0.5, and it seldom changes more than by it. From this, outflow height is 
understood that a certain thing is [ of field sensing element height / 1/2 or more ] desirable. Conversely, if outflow 
height exceeds 10 times of field sensing element height, since the magnetic-reluctance rate of change when the current 
which carries out splitting to the part which constitutes the outflow height of a flux guide among sense currents 
becoming larger than the current which flows to a field sensing element, and seeing with the whole head will fall 
remarkably, it limits with the range to 10 times. In addition, although this drawing shows the case where the drawing-ii 
height 21 is 0.3 micrometers, the value from which drawing-in height differed also shows the same dependency, and a 
different medium, different flux guide thickness, different flux guide permeability, and gap length that is different by 
the upper and lower sides also show the same dependency. 

[0057] gestalt 5. of operation — a flux guide and a magnetic force sencor are explained below. With the head of this 
invention, since magnetization of a flux guide and magnetization of the magnetic force sencor of a field sensing 
element are combined by switched connection, torque required for magnetization rotation of the flux guide directly 
under a magnetic force sencor of a field sensing element becomes larger than the torque which the magnetic force 
sencor of a field sensing element needs for magnetization rotation of the flux guide of the part which is not in directly 
under. That is, the sensibility of the magnetization rotation to a field falls. However, this sensibility fall itself is not a 
problem but a problem with more important the uniaxial anisotropy of a flux guide and the stability of magnetization 
rotation being rather, spoiled, since the magnetic properties of a magnetic force sencor affect the magnetic properties ol 
a flux guide practically not much. It is better as magnetization and thickness of a magnetic force sencor are small to thi; 
trouble. However, if a magnetic force sencor becomes small, magnetic-reluctance rate of change will also become 
small. 

[0058] Since the coercive force of 15 oersteds and the direction of a hard axis was acquired [ the anisotropy field ] for 
the uniaxial anisotropy film of 0.1 or less oersteds by annealing the Co-Zr-Nb film of saturation magnetization 1.1 T 
which formed membranes by the spatter at 170 degrees C in a direct-current field, the drawing-in height 21 made the 
head 0.5 micrometers and whose outflow height 23 0.3 micrometers and the field sensing element height 22 are 0.3 
micrometers as an experiment by adopting this as the flux guide 2. A result is shown in Table 1. However, the 
configuration of the field sensing element 3 is the same as that of gestalt 2. of operation except a magnetic force sencor 
The value of Ml, and (Tl) / (Mf-Tf) acquired the good head property or less [ 0.2 or more ] by 0.7. 
[0059] 
[Table 1] 
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[0060] gestalt 6. of operation — flux guide thickness is explained below. Drawing 18 is the graph which showed the 
relation of the thickness of a flux guide and the playback output of a head in 0.17 micrometers of record bit length. 0.3 
micrometers and the field sensing element height 22 a head configuration However, 0.5 micrometers, [ the drawing-in 
height 21 ] As for 0.3 micrometers, the distance between shielding of 210nm, and the field sensing element 3, the 
outflow height 23 NiO as an antiferromagnetism layer 34 50nm, For a permalloy 3nm and Co as 2nd ferromagnetic 
layer 33 lnm, Carry out Co for Cu as a non-magnetic layer 32, carry out the laminating of 0.5nm and the 4nm of the 
permalloys one by one as 2.3nm and 1st ferromagnetic layer 31, and it forms. The sheet resistance is about 9ohms, and 
the flux guide consists of film of presentation Co91.6Zr2.5Nb5.9 (at%). In addition, the resistance R of a thin film is 
the following formula R=(resistivity) x(die length)/(cross section). 

It is come out and expressed and a cross section is the following formula (cross section) =(width of face) x (thickness). 
It comes out, and since it is expressed and is = (width of face) (die length) supposing the configuration of a thin film is 
a square (die length and width of face are equal), R becomes R=(resistivity)/(thickness) after all. The resistance 
expressed with this R is called so-called sheet resistance. 

[0061] From the relation between the thickness of the flux guide shown in drawing 18 , and the playback output of a 
head, if the thickness of a flux guide exceeds 20nm, a playback output will decline rapidly. This reason is because it is 
the effectiveness that the magnetic flux which flows to the bottom magnetic shielding 1 1 and the upper magnetic 
shielding 12 increases, before passing the field sensing element 3 in the effectiveness that the sense current which 
carries out splitting not only to the fall of the resolution of a longitudinal direction but to the flux guide 2 increases, anc 
the magnetic flux included in the flux guide 2. Moreover, due to the ratio of the volume of the flux guide 2, and the 
volume of the 1st ferromagnetic layer 31, if the thickness of a flux guide is set to less than 5nm, since the effect of the 
magnetic properties of the 1st ferromagnetic layer 3 1 begins to appear in the magnetic properties of the flux guide 2, a 
playback output not only declines, but a playback output — a bulk HAUZEN jump appears — will become unstable. 
Therefore, the desirable range of the thickness Tf of the flux guide 2 is 0.5 nm<=Tf<=20nm. 

[0062] Although the gestalt of this operation described the dimension of a specific head, and the specific quality of the 
material, drawing-in height, field sensing element height, outflow height, etc. should just be range which fulfills the 
conditions indicated to claims 3, 4, and 5. Although it is a cascade screen which is called NiO/nickel- 
Fe/Co/Cu/Co/nickel-Fe in the quality of the material of a field sensing element the case of the gestalt of this operation 
and by which the laminating was carried out to this order at six layers, various combination can be considered 
respectively. For example, there is a cascade screen of five layers called IrMn/Co-Fe/Cu/Co-Fe/Co-Zr-Nb. moreover, 
Co system, the quality of the material, for example, the permalloy, of a flux guide, — being amorphous (all being soft 
magnetism film) -- it thinks. 
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[0063] gestalt 7. of operation the gestalt of other operations of the process of the magnetic head in connection with 
this invention is explained below. In the gestalt 2 of operation, 3nm and Co were already described [ NiO ] for the 
permalloy as 50nm and 2nd ferromagnetic layer 33 about what carried out 0.5nm and a permalloy for Co as lnm and a 
non-magnetic layer 32, and carried out the laminating of the 4nm for Cu one by one as 2.3nm and 1st ferromagnetic 
layer 31. The magnetic-reluctance rate of change of this configuration is about 7%. Moreover, sheet resistance is about 
9ohms. Combination with the flux guide by this GMR component 3b and Co-Zr-Nb also already described having 
acquired the good head property. However, when the antiferromagnetism layer 34 was constituted from NiO and the 
high process temperature exceeding 250 degrees was used at the time of head formation, it turned out that property 
degradation may arise according to causes, such as diffusion of oxygen. Then, the case where the thing of Mn system 
was used for the antiferromagnetism layer 34 was also examined. 

[0064] Drawing is used and explained below based on an example of the head which made the gestalt of other 
operations of the process of the head of this invention as an experiment. Drawing. 19 , and 20, 21, 22 and 23 are the 
explanatory views showing the production process of the magnetic head in connection with the gestalt 7 of operation. 
The sign shown in drawing 19 -23 is as common as the sign shown in drawing 1 -18. In addition, the following 
drawings show the cross-section explanatory view seen from the sliding surface, and the cross-section explanatory viev 
seen from the side face at coincidence to a plan, its bottom, and its right, respectively. 

[0065] Co-Zr-Nb used as the bottom magnetic shielding 1 1 which is the 1st magnetic-shielding film as a substrate 13 
on the aluminum-Ti-C substrate covered with the insulator layer First, 1 micrometer, Form membranes by the 
sputtering method and it etches by using a photoengraving-process technique for a predetermined configuration 
(process (b-1)). 0.1 micrometers of alumina insulator layers used as the bottom gap 14 are formed after it (process (b- 
2)). lOnm is formed for Co-Zr-Nb as 1st flux guide 2c (process (b-3)). For a permalloy 4nm and Co as 1st 
ferromagnetic layer 31 in order to form GMR component 3b as a field sensing element 0.5nm, as a non-magnetic layer 
- Cu - as 2.3nm and the 2nd ferromagnetic layer -- Co - lnm and a permalloy - as 3nm and an antiferromagnetism 
layer - Ir-Mn — lOnm — one by one — a laminating — having carried out (process (b-4)) — time is shown in drawing 
19 . Moreover, a protective coat and the substrate film were also prepared in the upper and lower sides of GMR 
component 3b (not shown). As shown in drawing 20 , in order to form the field sensing element height 22 next, the 
resist 63 was formed and field sensing element height was regulated (process (b-5)). 

[0066] Next, as shown in drawing 21 , etching of 1st excessive flux guide 2c and GMR component 3b was performed, 
and the field sensing element height 22 was formed. Next, as shown in drawing 2222 , a resist 63 was not removed, bul 
2nd flux guide 2d was formed so that it might join together magnetically by 1st flux guide 2a and switched connection. 
At this time, from a viewpoint that that the flux guides 2c and 2d are the almost same presentation and thickness does 
not build the pinning point in magnetization rotation in a flux guide, it is required and functions as film which 
continued in this case. 

[0067] As shown in drawing 23 below, the resist 63 was removed by the lift-off method (process (b-6)). The following 
performs the process (process (b-7)) which forms the wiring film by the lift-off method, the process (process (b-8)) 
which regulates flux guide height, the process (process (b-9)) which forms the 2nd insulating layer, and the process 
(process (b-10)) which forms upper magnetic shielding which is the 2nd magnetic shielding like below drawing 13 of 
the gestalt 2 of operation, and produces a head. 

[0068] Moreover, in order to aim at improvement in the soft magnetic characteristics of the bottom magnetic-shielding 
film after a process (b-1), concerning annealing Annealing which impresses direct-current field 10,000 A/m extent 
crosswise [ truck ], and is performed at 350 degrees C, In order to carry out the easy axis of the 2nd ferromagnetic laye 
in the head height direction and to carry out the 1st ferromagnetic layer and the easy axis of a flux guide crosswise 
[ truck ] after a process (b-8) After carrying out a temperature up to 250 degrees C all over an annealing furnace, 
impressing direct-current field 80,000 A/m extent in the head height direction and holding for about 1 hour, annealing 
which makes it 170 degrees C, impresses about 10,000 A/m of direct-current fields in the width -of-recording-track 
head height direction, and is held for about 1 hour is performed suitably. 

[0069] When record reproducing characteristics were measured using the flexible medium of this head made as an 
experiment, coercive force 340 kA/m, residual magnetization 0.42T and 0.2 micrometers of medium thickness, and 
metal spreading of average surface roughness Ra8nm, the stable output wave without thermal asperity or a Barkhausen 
noise was acquired. 

[0070] In gestalt 8. of operation, in addition the gestalt 7 of operation, although the flux guide has spread crosswise 
[ truck ], as shown in drawing 24 , it may make the width of face of a flux guide in agreement with the width of 
recording track 9 in general, and may raise a cross talk property. Drawing 24 is the cross-section explanatory view seer 
from the lower part of the magnetic head in connection with the gestalt 8 of this operation. The sign shown in drawing 
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24 is as common as other drawings of this specification. In this case, if it prepares in the location which retreated the 
electrodes 8a and 8b as well as the GMR component 3 from the sliding surface, since the number of the ingredients 
exposed to a sliding surface will become fewer, the dependability of a head increases from a wear-resistant viewpoint. 
Moreover, in drawing 24 , although Electrodes 8a and 8b touch the flux guide, if only the field sensing element 3 is 
made to contact by making spacing of Electrodes 8a and 8b larger than the width of recording track 9, the invalid 
current which does not flow to the field sensing element 3 in a sense current can be reduced. In addition, if the structun 
which carried out the laminating of two-layer 52a of the soft magnetism layer which sandwiched the nonmagnetic 
interlayer 51 in the middle as shown in a flux guide at drawing 25 , and the 52b is adopted, since the static magnetic 
field energy in a membrane end side will fall, magnetic-domain structure is stabilized. Drawing 25 is the cross-section 
explanatory view seen from the sliding surface of the magnetic head in connection with the gestalt 8 of this operation. 
In this case, two-layer overall thickness serves as thickness as a flux guide. 

[0071] As shown in gestalt 9. of operation, and drawing 26 , antiferromagnetism layers, such as Fe-Mn, nickel -Mn, Pb- 
Mn, and Cr-Mn, or Co-Cr-Pt, Co-Cr-Ta, etc. may form the hard magnetic layers 55a and 55b which the sense of 
magnetization becomes from the hard magnetism material which does not change easily by the external magnetic field 
in the bottom of Electrodes 8a and 8b as a flux guide stability layer 55, arid stability of the magnetic domain of a flux 
guide may be aimed at. Moreover, you may be combination with the gestalt 8 of operation. 
[0072] The record playback experiment was conducted to the flexible medium of metal spreading by which surface 
roughness differs using the magnetic head obtained with the gestalt 7 of gestalt 10. implementation of operation. 
Respectively, 5 times, both sides of a medium are evaluated using the average of the value measured in the 
measurement distance of 5mm with the contact process surface roughness meter, and surface roughness expresses then: 
by measured value and Ra (center line average of roughness height) here. Drawing 27 shows relation with the 
wavelength lambda 50 from which surface roughness, and the sleeve trace depth and the playback output of a medium 
become half [ of a solitary wave ]. Experiment conditions made the load of relative-velocity 5 m/s of a head and a 
medium, and a head suspension 5gf extent, this drawing shows that average surface roughness Ra is set to lambda 50 o 
about 1 law in lOnm or less, and that the maximum sleeve trace depth is set to about 5nm. As for head wear, even use 
of tens of thousands of hours is settled in about lOOnm as the maximum sleeve trace depth is about lOnm. High density 
record is realized and, as for average surface roughness Ra of a medium, it is good for securing dependability that it is 
lOnm or less. Moreover, this condition becomes longer lasting [ average surface roughness Ra of a medium ] in lOnm 
or less, if protective coats, such as diamond-like carbon, are formed in a head front face, but since exfoliation breaks 
out shortly after average surface roughness Ra of a medium is larger than lOnm, about [ being ineffective ] and a 
medium may be damaged. Moreover, when average surface roughness Ra of a medium was not 0.1 nm or more 
conversely, it very becomes easy to generate adsorption of a head and a medium and failures, such as fluctuation of the 
rotational frequency of a medium or a halt, occur by a certain factor, a head and a medium may not separate but fatal 
damage ~ a suspension deforms — may occur. By the above, the desirable range of average surface roughness Ra of a 
medium is 0.1 nm or more lOnm or less. 

[0073] Moreover, even if it uses relative velocity and a value which is different about the load of a suspension, the 
almost same dependency is shown. However, if between [ quite large ] a head and media is taken to lOOnm or more, as 
for head wear, at least lOnm or more of average surface roughness Ra will become small. However, since the spacing i 
large in this case, track recording density does not become large. Moreover, if it changes into a contact condition 
completely, in the same average surface roughness Ra of a medium, the maximum sleeve trace depth becomes two to 5 
times, and the wear depth of a head also has it. [ same ] 

[0074] Although the magnetic head shows only the part in connection with playback which is gestalt 1 1 . of operation ii 
the gestalt of the above operation, usually a recording head is prepared on the upper magnetic shielding 12. drawing 28 
is the cross-section explanatory view seen from the side face of the magnetic head in connection with the gestalt of this 
operation, and drawing 29 and drawing 30 are concerned with the gestalt of this operation — it is each the cross-section 
explanatory view seen from the side face of other magnetic heads to the pan. In drawing 2828 , drawing 29 , and 
drawing 30 , 74 is a nonmagnetic detached core which separates the reproducing head and a recording head, 71 is a 
bottom core of a recording head, 72 is an upper core, and other signs are [ 73 is the magnetic gap of a recording head 
and / 75 is the coil of a recording head and ] as common as drawing 1 . A recording head may form the upper core 72 
for recording heads, and the bottom core 71 through a non-magnetic layer 74 on the upper magnetic shielding 12, in 
order to avoid a magnetic interference of a recording head and the reproducing head as are shown in drawing 28 , and 
the upper magnetic shielding 12 may be the merge mold head which serves as the bottom core of a recording head and 
it is shown in drawing 29 . Moreover, as shown in drawing 30 , a recording head is under the reproducing head and 
may form first on a process. In this case, the process of a recording head can be constructed, without taking into 
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consideration the thermal resistance of a field sensing element, although you may be what kind of the quality of the 
material and a configuration about a recording head - a vertical core - Co system - since a polarized abrasion level 
difference hardly arose between the non-magnetic layers which become with a surrounding alumina etc. when it was 
amorphous and having been formed, there is no fall of the recording characteristic by the increment in an effective 
spacing, and the good result was obtained. 

[0075] Although there are some which show only specific configurations, such as the specific quality of the material 
and a specific dimension, for example, the vertical relation between a flux guide and a GMR component etc., in the 
gestalt of gestalt 12. of operation, and the above operation a flux guide Co systems, such as Co-Zr-nickel-Mo, ~ that 
what is necessary is to be amorphous and for the range also of thickness just to be 5-20nm, even if it is soft magnetic 
materials and thickness of a crystalline substance, such as other nickel-Fe-Rh It is not restricted other than the gestalt 5 
of operation, and 6, respectively. Moreover, although Cu order is set to Co with the gestalt of the above operation since 
diffusion can make it hard for the work function to reduce that interface dispersion occurs in the work function of Cu o 
a non-magnetic layer 32 by the difference between near and a work function as GMR component 3b, and to occur, a 
Fe-Co system, Fe-nickel systems, Co-nickel systems, etc. may be other ferromagnetics. Moreover, the 2nd 
ferromagnetic layer 33 may be a Co monolayer, and may be a different ferromagnetic. Moreover, if Fe-Mn, nickel-Mn, 
Pb-Mn, Cr-Mn, etc. may be Mn system, alpha-iron oxide, etc. and magnetization of the 2nd ferromagnetic layer does 
not rotate them with a signal about an antiferromagnetism layer, it is not necessary to use an antiferromagnetism layer. 
[0076] Moreover, if predetermined properties, such as magnetic shielding, and a substrate, an insulator layer, are 
acquired, there will be no limit in an ingredient. For example, since an elevated-temperature process can be used about 
the bottom magnetic shielding 1 1, in order to acquire magnetic properties, such as Sendust, Fe-Ta-N, Fe-Zr-N, and Fe- 
N, application is easy also about the thing which needs hot annealing. Moreover, various kinds of plating film may be 
used in magnetic shielding 1 1 or 12. Moreover, a silicon dioxide, silicon nitride, etc. may be used about an insulator 
layer. Moreover, when forming the magnetic head about a substrate, what has large Young's modulus may be desirable 
so that a substrate may not curve in the membrane stress of the formed magnetic film or an insulator layer, and as an 
example of the ingredient, you may be titanic-acid calcium, barium titanate, potassium titanate, forsterite, etc., and ma> 
be ingredients besides a single crystal substrate, such as single crystal silicon, also except a ceramic. 
[0077] Furtheirmore, the thing of other values is sufficient as magnetic properties and medium thickness of the used 
medium, and magnetic layers may be other quality of the materials, such as ferrous oxide, cobalt-ferrous oxide, and a 
barium ferrite, besides metal spreading. 

[0078] Moreover, in the gestalt of the above operation, although the field sensing element was a GMR component of 
spin bulb structure, you may be MR component by which a magnetic force sencor is constituted from a permalloy, for 
example. In the case of MR component, horizontal bias is required, but the impression approaches of horizontal bias 
may be any, such as SAL bias which arranges the soft magnetism film for example, in the contiguity section, shunt 
bias, and current bias which forms a bias line separately. Moreover, if a magnetic force sencor is a field sensing 
element magnetically combinable [ with a flux guide and switched connection ], since there will be two ferromagnetics 
for example through an ultra-thin insulator layer and the amount of tunnel current will change with whenever [ two 
angular relation / of the direction of each magnetization of a ferromagnetic ], you may be which field sensing elements 
such as a TMR component which can make resistance rate of change 20% or more. 

[0079] Thus, a magnetic recording medium is producible using the produced medium and the head in connection with 
the gestalten 1-11 of operation. As a magnetic recording medium, although configurations differ for every magnetic 
recording medium with a disk unit, a tape unit, etc. In the case of a disk unit, like the former other than the thing of this 
invention as a device system In order to perform positioning of a head, and immobilization using the clamp which fixei 
a spindle motor and its bearing, and a medium in order to rotate a medium An actuator, an arm, a suspension, etc. are 
used. As an electric system Modulate the control circuit of a device system, and a record signal, and generate a record 
current, and the signal from a head is amplified, the electromagnetism to which it restores ~ it produces assembly and 
by mounting using the fan for carrying out air cooling of the inside of a case further using the I/O circuit for 
exchanging a conversion system circuit, for example, a computer, and a signal, the power circuit which supplies the 
electrical and electric equipment to them depending on a case and the case etc. In the case of a tape unit, it is the same 
as that of the configuration mentioned above almost, but device systems differ, and it consists of a tape-feed system, a 
head rotation system, etc., and has the rotary transformer etc. also as an electric system. 

[0080] In the magnetic recording medium in connection with the gestalt of this operation Have magnetic shielding and 
the magnetic force sencor of a field sensing element to a flux guide continuously by the head configuration 
magnetically combined by switched connection to the location in the head height direction where a flux guide is more 
expensive than a field sensing element The drawing-in height of a flux guide still more desirably by the configuration 
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of 0. 1 micrometers or more, a field sensing element, and the head of 30 or less times of the distance between magnetic 
shielding The average surface roughness Ra can use suitably 0. lnm or more thing lOnm or less as a medium, and since 
abrasion resistance is good and it is reliable, the effectiveness of becoming long lasting is done so. 
[0081] 

[Effect of the Invention] Since this invention is constituted as explained above, effectiveness as taken below is done so 

[0082] In the magnetic head in connection with claim 1 of this invention It turns a laminating up and magnetization of 
said ferromagnetic layer is magnetically combined with it in magnetization of this magnetic-flux guidance film. (1) - 
said ferromagnetic layer ~ said some of magnetic-flux guidance film — The magnetic flux corresponding to the signal 
field which flows into a flux guide since said magnetic-flux guidance film is continuing to a location higher than said 
field sensing element to the head height direction can be efficiently introduced into the interior of a head. (2) — [ and ] 
And since the rotation of magnetization and the rotation of magnetization of the magnetic force sencor of a field 
sensing element according to the signal field of a flux guide are directly combinable, efficient at high sensitivity and th« 
effectiveness that it can deal in the head excellent in abrasion resistance are done so. 

[0083] Said field sensing element of the head in connection with claim 2 of this invention is a huge magnetic effect 
component. This huge magnetic effect component consists of the 1st ferromagnetic layer, a non-magnetic layer, and th< 
2nd ferromagnetic layer. Magnetization of the 1st ferromagnetic layer is magnetically combined with magnetization of 
this magnetic-flux guidance film, this -- the 1st ferromagnetic layer — said some of magnetic-flux guidance film — a 
laminating is turned up — having — this — And since said magnetic-flux guidance film is continuing to a location highe: 
than said huge magnetic effect component to the head height direction and a flux guide is directly combinable with the 
ferromagnetic layer equivalent to a magnetic force sencor, the effectiveness that it can deal in the head of high power is 
done so. Moreover, even when a field sensing element is used as a 1MR component, since bigger resistivity than a 
GMR component is obtained while a field sensing element, the description same about a flux guide, and effectiveness 
are acquired, the head of high power is obtained further. 

[0084] While the head the edge of a field sensing element and the distance of a head sliding surface excelled [ head ] in 
abrasion characteristics-proof by a certain thing 0.1 micrometers or more is obtained, the head in connection with clain 
3 of this invention Since the magnetic flux corresponding to the signal field which flows into a flux guide when this 
distance does not exceed 30 times of distance with the part to which up-and-down magnetic shielding is most close can 
be efficiently introduced into the interior of a head, it is efficient and the effectiveness that it can deal in the head of 
high sensitivity is done so. 

[0085] The distance of the end face of the opposite side of the magnetic-head sliding surface of a flux guide and the em 
face of a side far from the magnetic-head sliding surface of a field sensing element the head in connection with claim 4 
of this invention To the part magnetically combined with the field sensing element of a flux guide by switched 
connection by being 1/2 or more times [ 10 or less ] of the field sensing element height which is the distance of the botl 
ends of the head height direction of a field sensing element Since the magnetic flux corresponding to a signal field can 
be drawn efficiently, it is efficient and the effectiveness that it can deal in the head of high sensitivity is done so. 
[0086] When Ml, and (Tl) / (Mf-Tf) carried out to 0.2 or more and 0.7 or less, control of the magnetic domain of a 
flux guide is easy for the head in connection with claim 5 of this invention, and its playback sensibility is high, and it 
does so the effectiveness that a noise can deal in a small head. 

[0087] Since stabilization of soft magnetic characteristics can be performed, and the sheet resistance of a flux guide cai 
be increased when the thickness of a flux guide is 20nm or less while decreasing the magnetic reluctance of a flux 
guide, when the thickness of a flux guide is 0.5nm or more, the head in connection with claim 6 of this invention 
decreases the sense current which carries out splitting to a flux guide, is efficient and does so the effectiveness that it 
can deal in the head of high sensitivity. 

[0088] Moreover, it sets to the magnetic recording medium in connection with claim 7 of this invention. The magnetic- 
recording medium whose magnetic-recording medium is a flexible medium and whose average side granularity of said 
magnetic-recording medium the magnetic layer of said magnetic-recording medium possesses the binder holding a 
magnetic particle and it, and is O.lnm or more lOnm or less, Upper magnetic shielding and bottom magnetic shielding 
are provided through a non-magnetic layer, respectively in the upper and lower sides of a flux guide with soft magnetic 
characteristics, and said flux guide. The edge of said flux guide, upper magnetic shielding, and bottom magnetic 
shielding accomplishes a part of sliding surface of the magnetic head. In the magnetic head led to the field sensing 
element in the location where said flux guide film left the magnetic flux corresponding to a record signal from the head 
sliding surface The laminating of the magnetic force sencor of a field sensing element is carried out to said some of 
flux guides, and it joins together magnetically by switched connection. Said flux guide and by using the head made to 
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continue to a location higher than a field sensing element to the head height direction which is in agreement with the 
direction of a normal of a head sliding surface Since the mechanical and thermal damage by contact to a head and a 
medium and sliding is prevented and the magnetic opening of a high sensitivity head and a medium is made small 
Since the flexible medium which obtained the magnetic recording medium which has a high recording density 
consistency, and applied the easy magnetic layer of manufacture is used, it can deal in a cheap magnetic recording 
medium. 

[0089] In the magnetic recording medium in connection with claim 8 of this invention Said field sensing element is a 
huge magnetic effect component. This huge magnetic effect component The 1st ferromagnetic layer, Magnetization of 
the 1st ferromagnetic layer is magnetically combined with magnetization of this magnetic-flux guidance film, from a 
non-magnetic layer and the 2nd ferromagnetic layer - becoming - this - the 1st ferromagnetic layer - said some of 
magnetic-flux guidance film - a laminating is turned up -- having -- this - And since said magnetic-flux guidance film 
is continuing to a location higher than said huge magnetic effect component to the head height direction Since the 
magnetic flux corresponding to the signal field which flows into a flux guide can be efficiently introduced into the 
interior of a head and the rotation of magnetization and the rotation of magnetization of the magnetic force sencor of a 
field sensing element according to the signal field of a flux guide can be combined directly, Since the magnetic flux 
corresponding to the signal field which can deal in an efficient head and flows into a flux guide can be efficiently 
introduced into the interior of a head, the effectiveness that it can deal in an efficient head in a cheap magnetic 
recording medium is done so. 

[0090] In the magnetic recording medium in connection with claim 9 of this invention Since the distance of said sliding 
surface and the end face of the side near this sliding surface of said field sensing element is 0. 1 micrometers or more 
and 30 times of the distance of said field sensing element and magnetic shielding which is most close to this field 
sensing element are not exceeded Since the magnetic flux corresponding to the signal field which flows into a flux 
guide can be efficiently introduced into the interior of a head, the effectiveness that it can deal in an efficient head in a 
cheap magnetic recording medium is done so. 

[0091] In the magnetic recording medium in connection with claim 10 of this invention, with said sliding surface of 
said magnetic-flux guidance film, since the distance of the end face of the opposite side and the end face of a side far 
from said sliding surface of said field sensing element is 1/2 or more times [ 10 or less ] of the distance of the both end; 
of the head height direction of said field sensing element, it does so the effectiveness that it can deal in an efficient hea< 
in a cheap magnetic recording medium. 

[0092] In the magnetic recording medium in connection with claim 1 1 of this invention Since it is 0.2 <=(M1, Tl)/(Mf 
Tf)<=0.7 when the saturation magnetization of said magnetic-flux guidance film was set to Mf, thickness was set to Tf 
the saturation magnetization of the magnetic force sencor of said field sensing element is set to Ml and thickness is set 
to Tl Control of the magnetic domain of a flux guide is easy, playback sensibility is high in a cheap magnetic recordinj 
medium, and the effectiveness that a noise can deal in a small head is done so. 

[0093] In the magnetic recording medium in connection with claim 12 of this invention Since the thickness Tf of said 
magnetic-flux guidance film is 0.5 nm<=Tf<=20nm Since stabilization of soft magnetic characteristics can be 
performed, and the sheet resistance of a flux guide can be increased when the thickness of a flux guide is 20nm or less 
while decreasing the magnetic reluctance of a flux guide The sense current which carries out splitting to a flux guide is 
decreased, and the effectiveness that it can deal in an efficient head in a cheap magnetic recording medium is done so. 
[0094] In the magnetic recording medium in connection with claim 13 of this invention, since the average surface 
roughness of a magnetic-recording medium is O.lnm or more lOnm or less, the effectiveness that it can deal in a cheap 
magnetic recording medium is done so. 

[0095] Moreover, the process of the magnetic head in connection with claim 14 of this invention The 2nd insulator 
layer is formed with the process which regulates field sensing element height, and the resist left used for regulation of 
field sensing element height. By performing the process which forms a flux guide, the process which forms the wiring 
material film by the lift-off method, and the process which regulates flux guide height, after giving the process which 
carries out lift off after it The laminating of the magnetic force sencor of a field sensing element is carried out to said 
some of flux guides, and it joins together magnetically by switched connection. And said flux guide can manufacture 
easily the head which continued magnetically to the location higher than a field sensing element to the head height 
direction which is in agreement with the direction of a normal of a head sliding surface. 

[0096] Moreover, the process of the magnetic head in connection with claim 15 of this invention The process which 
forms the 1st flux guide, and the process which carries out the laminating of the field sensing element are performed. 
The 2nd flux guide is formed with the process which regulates field sensing element height, and the resist left used for 
regulation of field sensing element height. By performing the process which carries out lift off after it, the process 
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which forms the wiring material film by the lift-off method, and the process which regulates magnetic-flux guidance 
film height The laminating of the magnetic force sencor of a field sensing element is carried out to said some of flux 
guides, and it is magnetically combined by switched connection. And said 1st and 2nd flux guides can manufacture 
easily the head which continued to the location higher than a field sensing element to the head height direction which i; 
in agreement with the direction of a normal of a head sliding surface. 



[Translation done.] 
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t:ui;xhznLtm.m2(vtmm£B!$.L. zwn 

*>izV7h*y?&XU. (a-6)a^rtK?r}g|£-rS 
Xg. (a-7)B2tiltt«K^'j7h^7ffiT'Jgj£-rSX 



3 

ttilMtttill, (a-10)IB2^8^^- 

[ti^a 1 5 1 (b-DiB i Ym*&m 
sig. (i>-2)^ic7)jesa^^-rsxe. («>-3)mi 
m^^mmmtixn. (b-4)mmsntim^m 
mm-tzxn. (b^mmsnam^^mm-rhx 

-rsm. (b-siwmftmszimtzxn. (b-9) 
*2aimm*Bm-*JM* o>-io)sg2<oa 
sa.i'-frmtBi&tzxn. zist!zt&mt-r& 
mw^>yv<mm. 
iwncrmmzMwi 

[000 1] 

•y F*u»&wsi t ? hy&mm* ismmmtfr dm 

[0002] 

imtcrytm] m.*. ^-FT**?i«£«M*:i» 

MR (mgnetoresistive) ^ y FO&ffltf&lf £>*t£. 

fcfcttfHIgxl^Fn^.X. No. 97 1 
(W81F9^2 3B) 84~9 3Ht^mTV^ 

^£JiJV^t<rVb«9>5GMR (giant-nagnetores 
istive) 'Vy F<0SJ8#*&* -5 5 LT^S. 
[ 0 0 0 3 ] Up Utifh, £ WE^aE^SSK&M^ 

W^-GMR^-y Fli, fi^v^-y FOSUfcloSi: L=3:V> 

B*^* F (ISIT. #fc "X*Fj kfcv^ ) V. 

mmmm (jar. #t r «*j ttv^ > to&M 

iMtJ.o-C t^JM^^^ffittS t PISS? 

***6tf. A..y FfcOftfcoigft^gaftusT^ 

&to tnmcommm-vii.. mf&zz i gm Rm&o 

^ fcfc*fcrMR^2fc»iGMRf^£^yF?)l*jg|5 
■¥8-2 5 53 12^4M8fcBRS*i*J:d*«3a 
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6. 03 1 1:^77 7^^ F£MR"v? F£* 

MMBjmzztiztUFt. @3 1 axxm3 2tza^ 

X. FJHHB (HT. mtc rgi&fflj fcfc^ 

3 2aj3itX2b{i7 7-/^X^ FT* 

9. 3aliMR^PCJ>9. 5a£J:tf5btt75*? 

feUSSEft («N0 T*>>K 8ai>J:^8b{im«i-C*> 
0. gJiF^-y^HT'J) 1 ). 1 1»4TS»^-^HT* 
10 "9. 12tt±ttft£'*-Sl'F'C&0. I slityxnfcV 

hh. ^mmo^TffMmzawz. ^ f*»&*t 

[0004] itf^-y FOMtttt. TTWHS/-* HI 1 
fcJJWlS'-A'F 1 2 i W&VVt'fcMR^f 3 a#Efi 
£<XT^&fcfci>K. MRX73aOmMC-HL«fLM 
R*^3ai:liSmWtffiS$tLT7 7-y^X^>f F2 
ai5,ktf2b#*>S. fltt@a£Kflc7 fctfirf Sflti*^ 
•yFOifeSSBa. mm±lzm<?>77v7x 
HA F («T. f77y?X^ FfcV>3 ) 2aCD5fc5g 
20 a5*>*^aiLT^I»ti:t>fc:^<0^3g^*qKa^ yr5 
a S-^LT MR^3 acOBjSgaSfca^f . 

it:. mmizMRm? 3 ao&swiast?* 775 b 

XJHYtUo) 2b*>&BaU:fi&D£->-C»&. 4 

!t9lih7<y^i|itffili-S„ 
[0005] BTFfc. ^C7ys.>y FWiMPfcovvcfffifrf 

X^K2a, MRff3a, ^7^-y^X^ V2 

b<ojit:ffljSL. Taas^-^Fi lfci^atM^- 

30 ;kF 1 2ftSV^i. fiBtm^-/ FfiW^9a (03 1 fc|6j 
*^T**) tSEfl-TVK. MR^3a+£»3frr6 
®WO: J: 0MRS^3 atfD«^Hii*^^trS^ 

^ffiSatJitfSbiOMRS^Satr-feyxB^I s 

t i 0«ffi8 a kmffi8 b fcafc vv£o«E 

itmJj&XVmXnyy yrxtfj V2a&&V2bt 

icO**W5riM^4MR^3*«xt>A;|, 
40 ^k*OGMR^t'J>oTt>^«T'fc&. 
[0006] 

IWJWMikLX o btim®] WS.77 v 9XiU K 

) «t vm#frt>mi?&m^®.#i:-t>xm& 

[0007] ^-;UFSMR^>y FCfc^Ttt. ft^St 

50 mmRm^m&L. t®&->-ji>yi i&xv±m 
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TVK. i^r*>*>, ^-^FSMR'vy FttMRSTlC 

[0 0 0 8] -if. 777?X^ FSMR'v-y Ffcfc 
HTML MRS^t. 177 7^ F2a<9jaSfi 
fit. myjvPXtfJ F2afcMRf^3i:<Dj>ltff<9 

m^Xhfzib. MRS?£A&M£*¥<9^TOi 
iT^ffiSvi'-rt' FiaRKSftT L£ 3". J: 3 fc. 
777 KSMR^7 Fli. ftWfcWS&Svi'- 10 

\>\ it:. yyv-rxtfjvmMR'wvx'imyv y 

9X114 F 2 a t MRS^3 a fc<7DM^9at!iV^ v 

r5a«a^sfii:*^ : L<*#^. ft^«#££SH-& 
s^«77 yfxtfj Ym.MR'K*-/ vnmmtzmmLx 

[ 0 0 0 9 ] tfz. GMRff^A, 7 FWrtSWCffiS-f 
6#&fcl/C, fcti.Jf!RfirF8-2874 16^^ 
Iz. 7 77W^f Kitffl^-rtGMR^Kt. GM 20 

Rm?mi o fcsisffiiffltEssn^MR^iKojSis 

[00 10] SttC ^1^8-2874 16^#t: 
ML &ftJ}tflt>tl&<Mt. MR^$*fv..yKiO#Jbi 
i 9Mv&^«ffl-e&>5\ fcfc;Uf&±ft6ft2 0 nm«0 
Ufe^ttMRSTKoBPl 0-2 0 nmcOffiHT'aJfi 

±««2 0nm*SHli. SftliSStTj^tiJV^TMR^ 
^KOli* J 2 OnmiSt*S^iill Ffc&tti: 30 
(OSattiS^-y FJgiMfcfctfS®l£fg<oa?$tf2 0 

mmmnmmmm-^Tmtfbh. it:. ^ F?>g 
tjsaasmt ix. m&mimfst^yu^y/u 

Wm#X'$>Z>ff. ^-y FoettttS < & 0 „ Jg 

[00 1 1] it:, tit z.tt<ffig¥7- 23 06 1 0^ 40 
<mizii&&<r>y7"y7xtfj FSMR'v? fo-MP 
H>k3*L?»&. 03 3(ifi!*cO75 y^X^>f KSM 
R'v-y F<9±ffla^*fcBMaHJjBT'&5. H3 3£:fc 
v vt , 14 JiT^ -y TT$> 0 , *e)ffi<9#^i0 3 1 
i>J:tf03 2fcJtjrej>6. 03 3t^-ri3fe:. M7 
77^^*2 3. MRff3a, m^yy y^X/f 
4 F2b*q$LTffiM§fU B977 vlXiU F2a<0 
IS©. fcit/Bfl7 5 y^X^>f F<?5JtfilH:fcMRS^3 
aOJtSEfii[c0Jt^fi)r^<0®iBfci^-i,^. y FtffBfte 

#VO>£. LipLW. ff^-y^Xtf-f F2a<0& 50 
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JPiO. 02//m. WtLKiiO. 05vm&LtT%^ 
t. m^&RJiZo&ZktfX'ZZ^tiib. M^Mi 

[0012] it:. zntmTimyy'syxJHvt 
MRm?3 a(7>RMX'mimmzm-&v>jkibim£. 

LW>. z<?>vy±)sblzX*). WttjnWWjzm&t 

[0013] *&Bjjiifri£?> i 5 ^ras^»^-rsfc* 

^■y FOrt«=BHU i^ST'*^SBSI6ttt-r<*ii 
fc'v -y F 2: igfft-TS Z i: fc* 6 . 

[ o o 1 4 ] it:. *mi<mK>mim#®.iiim?2: 

^7 F^^fiitcS8ii-&*ffi^tl«^i 
[ 0 0 1 5 ] *m&>Z ^fcffiOBWtt«^aj 

-TCfxfc^y FfcMMfcllffiLfc^l^S^JWWW: 
[0016] 

immzmm-r&tzibe&ffl xmxnwmmnzfrfr 
h&w^ y w±mm<mzii?&m3mf*im {y? 
vfxtH f) t. mwmftm^T&m&mzft 
Lx*ix?tm j tt>ixh2'z>(rms^i'-)VYt. mm. 
^jm--ij^±m^mtm^.(o&Mizmfhtim 

M^-^\ t ff)^im-^m±t^6Xdizw^.^tix 

t F t LT?>Jgi!jffitf>-&5- * LTi>0x ffSM 
^JEL^SB^i&BuffilK^iai^t«<lim^ y FTS> 

ot. ( i ) iasimai^c^siiSBaiasuKitii^ 

mmsmftWLtWMm-f&i. o £mmifc<?MM±lz 

mm z tvx mmm^<mi\$mm-m?i®<m{tk 
®$mizm&$tix& o . a*?. < 2 ) iiBa^rtig 

li'v-y Fg^^t^LTmiaa^aj^J: 0 t^v^ 
ffiB^-ca^LTV^S^^>y FTJ>£. 
[0017] *HBH«it*12 ti&^i>4^-y Ftti^ 

xm. mmm^mw^mm^m^x-h^. m 

m<?>-&tt±izwaztixmm 1 (rmmmcrmw 
wwmftmcmitt®m}izm&ztix}5'). **o, 
Bt^s^rtisi±A.y vmttfokMLxmmxws. 
mm^FX o ^^miX'mtLx^&ztir. 77 
•y^x^r>f viz^^6m^&mzft&Lt:m3iZ9& 

X < A. y F .*>9777? X^>f f<o. 



7 

[0018] #ISHH<?>ffi^3fca>tobSA..y Kfcfc^ 
jgVMH^Jgfflii^ffiJitfO. ljumJaiT-fc 1 ?. 
SaM^-^Ftc0ffi^C03 0<g^@i.^V^fc*>\ 7 

[0019] *l&BB<0a*a4{C*^i)S^ y KlCgO 
[0020] J&Wcvmm 5 fcfoJwb&'v-y KC&l* 

Tti. msm&ftm<r>mmt* m f . ks^t f t 
u ff^^ai^^osegs^swa'fb^M i . mm 

£TlfcLJti:£. 0. 2S (Ml - Tl)/(Mf ■ 
Tf ) ^0. 7X'$>&Z.tff. yyyfxtfJ FVWg. 

^•y Y&o&Zk &~C% tff)T»t U*. 
[0021] *^Hfl<?DiiS«6fc:*^t)SA..7 b'fcii^ 
mfeat^rtKcORSTf^O. 5nm^Tfg 
20nmtfeS;i:^, mjmZ^yVZo&ZktfX' 

[0022] *ymvmm7£frfrb?>WS^mm 
{J«^^-yKfc8^Il»8Ettfc£#U mBSS^vV 

s^-a- h t . mmsm^my-^^Mizmtm^ 
{mizm^ti&msttiiiiimirkZitffiL. mussm 

mkbmtmmzx v®&<nti&\imfctzm&m 

Khmmm^znmLtimmimsmmm^- 
izm% . mmmm&ikffy u^y/i-trnx-h o . 
mmmmmz^timm.^twmm.^fm 

wmtmzwmth * a KMi^<9tjffi±fc:«Ji 
tfuz^^tixn *y % ( 2 ) iiiaaasssrtigtt^ 

•y FSS2ffflfc» LTIOT^ai^J: 0 iK^ftH 



(5) *#$l i F10-3 344 18 

8 

[0023] ^ymnmmsizirtrbhwsmmm. 

fiiBfiB^i*lll«A.. ) ,KS2*iPifc:^L-ClaEE 

io mi<^-yYft%iz&Avz. fr-ommtom. 

hZ.ttfX-Zh<r>Tftt.LW 

[0024] *m&mm9 tfrfrhzmsmigm 

mmizT£\,M<nvsfct<7mwo . i^mjjLh-rs>o. 
*^>. mmw&itim?t. WMfmmmTiz&him 
Lx^hmM^-f^ k b<nwm.<D 3 ofetmz-K^z. t 

tf. 7yv9*iI4Y\iZ^^hmmmzftftl,izW 
20 rtSK^AT^ * Jt*, S^^Kv. 

[0025] #3B31?)fiM 1 0 t**i?i,a^iE^ 

m*&mmni/2M±iofe\;ATx-hi>zt&. 77 
vtxtfA Y<rmRmm^zms8&tzs. *)msm,z 

tt&LX^h&ftitT. ®mi<im®#tzttl£Lt:m 
30 VTZhOTIfrtUK 

[0026] *%mcom$m 1 1 iz»frbh®$m&m 
tnzs^xu. msm^mcomsmtiMf . mm 

1, mmzTititztz. 0. 2g (mi ■ ti ) / 

(Mf Tf)gO. 7X'bhZbiP. y? y?X/f4 

[0027] #m<?>mm. 1 2 

SKfcV mSJS^rtlScOlSWT f 0 . 5 n m 
40 ^Tf g2 0nmT'J>S^t*»\ K3&3^ y 

[0028] *^c7)^c^ 1 3 fc*>**sa^ie^ 

BtfcV^Tti. B^BSB^IB^^W^Effl^^O. 
1 nmJJLh 1 0 nmOTTftSC fc*>\ 3cfiB?i®maS 

[0029] 1 4 JSM'S y H 

<mmi. (a-i)m 1 ^a^^-^ k* mm-&xn. 
(a-2)mi<rmmzBm-&xn. (3-3)®^*^ 

50 sis. (a-sjat^ajs^^tofflsjicffl^tu-^ 
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h*yi-&xn. (a-6)w%mftm*Bf8L-t&xm. (a- 
7)ffi&*ro§i£ y 7 h^^ar^Btrsxs. (a-8)at 

[ 0 0 3 0 ] *HHBoif^ l 5 (afofrbSBSl 

FcOfSS&L (b-l)35 1 03a^>--/t-} r £^j£r& 
Xg. (tr-2)m<?>l&tl«£}gJfcr&Xg. (b-3)3S 1 CO 

w^m&mm-him. <\r\)®sm\mi-*im io 

SLfc££fS2Ja5ti§g|*gJS£®j£U *cov*>tzV7Y 
*yi-hxn. (b-7)ffi*g*m§|£ y 7 ht7StM 
^6Xg. (t-8)JK^KrtJSffi§^fflSiJ-rSXg. (1^9) 

s&2<oietw£jBj£-rsig. (b-io)^2«oa 

[0031] MR-^GMR&fc*£fflV>6a#ftti}^tt 

[0032] **HH£ i*Uf . $Mfr££J: 9757? 
x#>f Frt&T'cOEBWklHHS (JEtT. #C r 777W# 

©»rt&-t-cofi&fl« (jht\ #k *m&<mMm 

vv£ft>&tt0*0WTJ:<. ttey^ytxtfJ Ftt 

COT. 77-/W^ FOjgi6MfcRJ*IS<OSga5tah.* 

R= (Ml - Tl ) / (Mf • Tf ) 



e*HWfcHi&* 777? f wziimm 

T^vYft&tXmKZ.btfX'Zh. 777? 

[0033] fiLt«fc». ^7 F fcSKfcfc fc 

— 7^7X^'Jf ^cW-V/l-TX-^y 
t- 4 t Fffl&t t' fc*f LTl§g£ *> fc-fri> J; d t 
8#*KiJi?l^£^7 FOrt&fcffigUfctf. fiyaO'Vy 

[ 0 0 3 4 ] 5 &#8?aiSi^3£SBfc'v-y Kg» 
ffifctOEJItfO. l//mtLhJ>|> l rfct e tO. ^-/FiO 

4*, ±TVvf^>coatM^-;UF<?>d*K fcofctjfig 
L"0*4*»«*Si*> 3 OfgWT-CfcS Ztlzl^U 

[0035] 7^y?X^FcOJ8MA.-,Kg 

«±** .r * t ± 9 . aimaiai^coH^ -y fsbs 
*^isv^ffl^ffltfDeafe:tj^T t> 75 vtxm f* 

[0036] sfcc. aaaertKomnmiifrMf . m 

1. Kif££Ti bhhhh, ®%%ftmtnm%&iii 
m : frm&utf&mmTffijSLi$tix\ l wf$>\,\ Mf • 

TfiJitXMl ■ Tl(i#ScDfi&MBEfl:fclSfffc^S- 



(i) 



^^KHT«*«ai*^sa;g?<ois«#tt#7 5 v 
rxjfj Ymfc®mm\,z5-z_hm®*'}?ti:<^hz w 

[0037]$ htz. 777 ?X^>f F£0Kff*»'5 nm 
"f 6 i: 1 1 fc. 7 7 7 H«|rca«KB3|FF<0« 
fc^T'^S. ifc. 75»i'*{f'fFOKIW2 0nm 



* [0038] tfz. Kmmm. m2<mmm. im 
^co^(cy7h^-7-rsxet. stfev^fc 

t:J:9. 757?x^^f WGMRffl:t^fisra 

Kttii. ^crmmmKbizmm-znxmsmm? 

$Ux&Zb$:m£t&Zbi) i TZZ>. 4fc. 777?x 
^T-f F«»flra£¥ffi£*-& ifct<t977 7? XXf-f 

[0039] 4fc, ®l^®tt«. ^K8EttJi. #20) 

wbbm. ssmsm^mmm^tix^hm^tum 

^ttJV^T. 2O<0Xg-t^rt>^. (b-3)S51<9777 



1 1 

m. imwa. m2<rmm.&m. B<sm&m$mmm 

U *«os>fcicy y hxy^&xmtzm^&zt izx 
mzm&m^t} zmn-t&xmz o y Y*ymz 

[0040] tJt. mtt\±bhmffi®z&wv* 
A-Kf-f^ tmmzim lx%z> yu* ^y;mmz 

»LT«». m>imiiim?mwMfrt>ftftizm?ztv 

7 U^^^fiE^W^Sffia? R a 5r 1 0 n mjgl 
fc**C& h t b t> fc. SSttS^^^SiE^*^^ 

[0041] 

#H©2gitf»fcovvcP»=WiW-4 . 

[0 0 4 2] USSOJgSl. HliJirTOfi-ffl-fft 
*fWBO-|Qg«Jgffifc:*^i>Sa^^ y F (Mr F) 

BnHSi'»C£>6. Hltfcivc HiM FJgi&iB (S 

T&O. fcfci.fc«Ij£Co9i.6Zr2.5Nbs.9 (at 
%) <9^X^7?a?Cj£KS*U ff£»l 0 nmCOF 

BHHftHJSPFS i 0 y h'a$*|6l (JgBMOifelfrtf 
|6k JHT. Fs£:fr|6]fc^d) (dttLTAvvft 

S4taaW-6J:5JW««*iTV**. 4fc % 3«fii#t& 

awfc*^ i uiT»»5^-/n«-c*o. i2»i± 
777 ^xtf^r Y2vrmt<?®m!izm%tz>T*(*r * 

TfiY* 0,4b liJJKSft^-;P F 1 1 COTS 1 75» 

&6. 17{ii*N8ftJrt';& , 5. 2 0li777W^H 
C9££T'&6 777 ?;*#>f Fa 3f£> 0.21 «Jg» 
ffilfc. B!M^^30Jimil3&»HaiflHJ:e> 

; F3«)Stffl3'1-««iHKiJ3lf : FBS"Cft 0 . 2 3 fciflt 

#>r f 2<nmmm 1 fcRWffl^«fc«i©8i(cffls-rs 

SSti}©£T&6 . 0 1 IZ^Ztlfz^ v F<0±Sa<0 3 

-/i^Ffcj:irn^^-/i.Fjaj'ko^7>(«Hatt« 1 1 
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X'foh. H2££WC. 8afcJ:tf8b»ifM^e 
9(iH^F7-y^i|gtffl3^-5. 01fc±tfH2 
t^Sitrt: J: 3 fc. a. y Ftt. 777 

?X;JW Ft. 77 7?X^ FOJiTWWttJil 7 

Mv-^Ffc. 777?X/y>( F<0- *<0±BB (Hit 
10 ^-yPFfcilTPKm^-^FcT)^^— mbi:* 

* i afcBasiiTionwfW'y Ft \^x<rmm<» 

-mtti-£olzZtlX^&. 777?^>f F2tt. 

< fc 0 , «SKl»tt*^rt-*aflK J: r>T»fc5 
it. «£k90te LTCo-Zr-Nb £&(f £ i ttfX' 

JflH&fU 0ltLTCo-Zr-Nb5rt'5:J>JfSC:fc 

03sSr«f3r>fe*i#«ttlii 7«ftca«>S ! tfJ:3tLT 

[0043] K*KttJ^c7)-0ifc LTH3 tXtyA 

fcV^T. 3 Hi 3 1 afcJ:tf3 1 b^Jfj&^&SSSl 

«it»9, mi^fiatt«{iat^aj*^«s 

0an=ffl3LT«9. fctx.{f3 1 afcW^nmW"? 
-7n^(I. 3 1b{iS$lnmiOCoMA { . 777? 

F 2 «BfS«0-^^±-r^i?^H 1 <0fl^St« 
$^S±®±-C**o. fc t 2 1 *J0 . 

3jum. «*Biaj*^s32 2i&''0. 5^tm x glfti^ 
30 2 3*«0. 3^mfi:^Sfia(^ra$fLTV^. 3 2{i 

m 1 coKJSttB fciB2 cossatttfl t c&mti&zw o is 

$2. 3nm(OCuIt*l.. 3 3(i3 3 at>i^3 3 
b<O2«*^^-5^2<7«lSttBT'&0. tfci.tf3 3 
aJiW§4nm«30^--7O-f)^Cj)>). 3 3b(i^$l 
nm^Colt'M. 4fc. 34{itfcxtfl[?50n 
m£7)N i O i 0=Sr*R3HHtJ»rft*. 
[0044] & LTtt. GMRff^J^ 

fcJiMR^^F^HWR^ (ST, TMRffi 
40 V^) TMRSHH4. mi<^ 

ffi^fcm2iOKatttJi^ffl*W=5riafl:WFfii#collt:J: 

0. m<mm/mt^2<rm!mmt(r)h^t3zmt 
h hy^juwumitthwmmm-thiycox'^i. 

4 5JffiK»t4fcft«V^ TX6BE* (OT. »<-f T 

xa»k^a> icm^msa^mtLx 

50 IJfcfcitf. Bffl«UXTO±(zlfilH»^LT«8EIB 



1 3 

£ffisu towm&tfcti&wgitz J o^-f sa# 

bmm&miiyyyfxtfj Y<rmfe<ry^®ft±.\zm 
Has* fat** \,xm^mmm^ x o <,» ^<m& io 

&a^<OJga&fcSiT.S*:*'>. Ni79-Fe2i3rif<9 

&zt&x'£&. m2<7mmmtimiwmizi^x 
m.<r)mimiizti&i><?)?b*). mtLxmi^m 
m&i*tmi<K i-Fetf mux*. s*>£. sss 20 
®&m\i. £^-&aw*£<. se&is^awsK 

ttfctf**«ttWBViMu flfcl/CI r-Mn=5:i'£ 
[0045] ortC^HSSO^t^fc&JS^^-y H 

R= (Ml • Tl ) / (Mf 

x#4 vtmtmm&ttiKi mmm s 1 vmt 30 
tts 3 4 eass fiTtm 2 w&atts 3 3<Dfc5^at 

>xm^Sr«ffi8 a*^®Bi8b^-rc: tti 9a# 
ISfSStFF 3 LT«S8 a fc 8 b tf)J> 

tciA-rsiot, -urns^-tvY (zzxitim 
&aj3H? 3 icfcjt «s 1 ««8aejf 3 1 crwrnwut 

*3 < 5:6 . rtb-h* "Ftf-r -y 7^4 a . »7 
0UW-S. — :Uu Ho^777?^ FfcgSAUt 

awaif«iai^3fc)s*^. aa^-^Hfcjwt 
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KBM9***-. 4fc. ttftS98K4 1 tfW&iH 

•c. 7«ama^«* x'b*). 4 Kiaft^ 
ffi$x'f>*). 4 2«a^«oaat mr. *t ra*j t 

t^d) T* 1 ). -ecofflco^iHit^ir*^. £ 
fc. a^<0S£h.^i-JtfttC77 y?X^ K£«iA 

t*. afl5S^ffl«4 1 £izzA,x'NmtNmttfmi-t 
hXo tmfcztixts *) . us#->tbb!4 2 taflss 

5. 04t^Lfci3t:. a*4 2{^«c7*^75 y 
K2ts£ALt. *Mli77 7?^ K2 

Ojgttffil A^S^fflOSSgBiB£< txmt. TW5>!s- 
lUV 1 1 , t$£V±M5M/-)l'\ i 1 2ttt(t. -9«i7 
H2<0^«t»*^TaM^-^Kl 1. *5J: 
VJSWi^-^Kl 2fc»WS. fcfe'La«4 2(i^Ep 

t^LT^4. 77>y?X#4K2<7)#as#li8atSa 

^(c*EtT-^oa^0iE55(«fT^T^i>. a*«i^ 
^3 i: ixm^GMRm=?<wg8s&izw%i-hm 1 
siatt«3 i<oafi:{i77-y?x^ v2(om:tim 
iiiinzxvti&zitx^&cDX'. m&Tb&mm. 

Mm 3 1 Tl±7 5 -y K 2<7>aflail!!6 1 ^gs 

oafkEHE^e^i.. fft«im»tS^ 5C ( 1 ) : 

•Tf) (1) 

[0047] o^^^iOUte^® 1 . «t OPMI 
WJi-n.. 07Ji. «a^34 0kA/m, 
0. 4 2T\ ««cW0. 2/im<0«(*^fflV^{fJ>V^C0 

777m>( Hrtoasffis^*s-^-^77-c* 

6. ffittli (^Klii*^«0ffiSt) / (=ft»;7l) 
UTfcO. Hiltt^-rvrftSSLTV^. 07 

<0 (b) (i. 07CO (a) ff)o*>. (mmt^<m 

m) / (*v"/7m »oki o&xt. a^SfS 

(T)C00. 8*^ 1 ZTtn&WZ&kLXviLX^ 

hffmmi. ^•mh^yy-Mxmm.Lx. 7?v 

9XiH KrtcoaS?gS*%3^T^I.. -?%b*>. 7 
K^5r^fA- yT^mL^ffiQ5r^7^ 
-?tt. ffiQ#10. 2 0. 3 0. 4 0*Jt«10 0 

co^y Kttj^T. mmiz^yr^xm/mLti. S 
a^^a^'k'coidtc^-rs^^^T^s. ^* 
arcfc 0.75 -/7xm y 2<r>mm^mmt 1 t. 

7 7 v7XiJ4 Ycommt 10n nTC$>£> . ff^i 3 
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1 5 

as*F3«sHBiL Mtm.Ltt\z&A-M2 2 i £ u 

SteftL^lK^aj^aS 2 2 £ 3JSTfcf-&fc i>o 
&Zttfhi>*&. L*>L5r#£>. Uf^LfcA.. y k«OH» 10 
T. -xT^tJ itTF^^ -rrSfc Wtfh.fc 0 . 1 

LT^6*\ 3l£2**iS£tt0. l/xmBLt 

F i: OiEflfrO 3 0 tgSrSi&V >«HT^tf>5 . 
[00481 ZZT* 0. ljumfcK^^-Saili. Si 

mffl£<m&mnzi>. vwmmmcowth'pcng 20 

0 . 0 5 m-cti. -9--^rx^y r-itzX* 
mutiuvmhtf 20-50 %w&mL-th ©ts l . 

^S^iSStfO. l/zmTlilOJSJaTfc&oTV* 
*. mE3 0^@i.^v^lSS-rsa*ti. B 

■f. 3 0^f£Ui-C{±75>y^^>f F^SttgtfHBa 30 

Fi§3#3 0<Dt>CDfc. 4 0~10 0<Dk<9£Jfc!8-f5 
k. ffl^Lt^M*^«!Eai)!p3 0JaTt^^T. 
BSKWBHaifllEiWlrC** . «MH(c**»*>*^ v F 

77v?X^ FfcfcftttU ^»k.UT««SaEa3E 

FOt>fc-Ctt. 777^^ F«S2 0{i3/£m#g 
ST'fcS. 40 

[0049] m&w&i . r>z\z$$m<7y^~/ v<tm 

HUH"*. B8. 9. 10, 11. 12. 13*>±tfl 
4tt. *HSfi<0»®fcA^t>S^-y F^iSSXg^^- 

T'&O. 13«S«T*>9. 14ttT^yXr$> 1 ). 
15U|&IHrc&9» 6 1«l^XF C7*Fl^*;* 
F ) ~Cfo 9 , tOflKfflFftiL 01~H7£T£5SU: 

J:tf*0*fc:«i«u Jgi»*>;W:ISOT910. ffl 50 
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ffirt^IXrBrffiiiHHHSrl^iSfciK LT . 
[ 0 0 5 0 ] . £«1 3 fc LTf&mgfcfcfctoi^r 

yPS-f- ■ +9V ■ tl-tV (ITF. TtH- y^m 
mt^o) {cmi«oatm^-^FT&STSBEm^-;PF 
1 lfc&SCo-Zr-NbKfcljunu xn 7 ?'jy 

x^y^fcfrv* (lS(a-l)) . -£<o<ot>. T^-/ 
T14fc^5T^5^^igli^0. ljumjgJgL (IS 
(a-2)) . 6Kf$ajS^fcLTGMRig : f3b£;*A», 
^'jy^ffiT^JlLfci:C:-?)&H8{CScr„ GMRfg^ 
3 b Sr^-Ti. Jttf>£3&8ttJl fcl/CNiO£50n 

iXCoSrl nm.fBKttli:LTCu5-2. 3nm. 2 
H*^5rl.m<03£ffitt«fcLTCo£0. 5nmfcJ; 
tPN-^o>f£4nm£IB»aiJILT^L*: (Ig(a 
-3)) . £*:GMRm i ?3b<r)±.TM3i8mmtsXXfT 

tm (K^n zmwz. H9(c^-rt< 

(ig(a-4)> . o?t. hi ot^-rrt 
asms* 2 2 fcjwttfc. ortc. hi i iz^tzt 

<\ fcfc£ttr^5-*-3&»6*4IMHIIl 5£»S¥*S!fj3U 
^COS? tfflS-TS 5 2 n mggj£K LT^^ffi^ 
©§€ra0JLfe (XS(a-5)) . 
[0051] offfcH 1 2 tsrtrt < U 7 F^7Sfc 
i 0 l/y'x F 6 1 £&£U ^a^rk'TGMR 

sh 1 3 b ?>!gatasT-* -sib i mm!mb^w^-rh 

Xdtzm&mfttzLtXOib. y^-vfxtfj F2kL 
TCo-Z r-Nb£ 10nm)SILt (Ig(a- 
6) ) . -38Tfc, H 1 3 tr^ri: < F 5 -/ 9 Wizmtt 

CuCOmtmZl 5 0nmjacKLto9^ 'J7W7S 
TU^'XF^I^Uv: (XS(a-7)) . ort. HI 4 
t^-rk 2 3 K*tJ£-r& 77 -y ^X^f-f F 

^'XFIfcfciHTofc (lS(a-8)) . ^^T1±. 
S#0. 3jLtmfc^5J:9tL>t. -eo<0*>{i. ±^ 
771 6 (HSit-r) aMfo (Ig(a-9) ) . J&2COS5 

^>—;PFRT*S±mm^-;UFi 2 (H^T) ^ 

Jg« (Xg(a-10) ) . IBMK>y K«fC ffilllSO» 

««i^l^a5La5^^k' (^-TixtH^f ) * 
ffv\ ?|§a*SS2 lJr^SX^-f^-ailX^lTo 
"C. Kff^-yF^ifc. ^iT'{i?l^a^fl$2 Hi 
0. 3jttmkL^:. 

[0052] 4^:. r--;Hc|8LT(±fck x<fXg(a 
-1)^. Tli^^-^FIg^KlK^ttOlfili^HSt 
*>C. F7-y^^|6ltCiIliSat*10. OOOA/mg 
S$:9JJDLT3 5 0efffdT--;l^». Ig(a-8) 
fe. m2c05$B«t«<0lSfl^Sll^>yF^$Sr|6l{;L 

si«aiistt®j3j:V7 7-/^x^ wmatsmt 



1 7 

^7 H^§^r|6]ta5Sa*8 0,000 A/m 
gg£MLTliertggg«J#W:<7)^ i7 0t:£L 
h7-y?II^FiS$:frfifcttBSa#l 0, 00 OA/ 

vm, i cosiatts 3 1 (nmxmmMixmv ? v?m 
u&x-t> *) . iB2 <7mmm 3 3«at^^*i6i{±«j3r 

[0 0 5 3] iWKfrLfc^-yKt. fil»]34 0kA 
/nu SffiatftO. 4 2T, JittWO. 2*inu f*M<D 

xm t 4 -^rtw^-eyyjxn^&g. utiti 
[0054] mtffmm3 . oarfct^ vtia&s. 

tfT^WTI 6 fc3l#ii*&$2 lOBWfco^TK 
9W4. 01 5ttjam^-^Ht77/^X^ Ffctf) 
*v^offi8r«r*>^±^-v -yT^iiJOT^-v 77 
1 6fcWLT75 «,9XiH Hrtgfc^a^ffiS^O . 2 
TiJitXO . 0 5 Tfc&Sfgi&ffia»S>OiEra<0W8S:^ 

rMffl«^>—;W H j ttJLToa^-rt- H*»*7 7 «y ? 
xifA KtcWLT|3|-<?5lE«lt*SJfi>v^vva. i 
Jt. 77>y^X^H^$2 0Jil0^m. 
lOnmtLt. ISIHiO. JKS,^-^Ki:77-y^X 

{iSr^fc ifcfc. J£Si3S«02 0%J3LL£ 

ffixSOli. iil&Ma^ffi^TK^-^Ffc^^y 
?X#>f FfcO*>V*:V>ffiSt<7>2 0®m&&T?f>*). 
J8^fl^5%ULt£ffi;l&?)tt3 0fggjg£-rc*> 

Yh<?)h\.vz<mm<r>3 owit. mt L<«2 o<m 

F«9^#5nma>£2 0nm£tW«HTfcL {3:2^ 

[00 5 5] *7t. HI 6I±. *HfficO»St*^*>5 
fcflF^iE 1 iz5p Lfcflr^fcftjlT* 6.016 
£fm)W±.Tl±m< U Hrt^-C«J!S<-ri>i:. iS 
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[0056] m&y&m.A . ^azyy^^x//^ y<t> 

8Sffl^2 3fcoVvC§&BH-t6. H17«. 
$2 1A*0. 3//mT\ ^I^i^MKfl^flJVVtfEg 

(GMRiSS) fc^6^ajKS«it£^LTii , K *S 

<oit ummL&j)) &^ltv^„ d<oai 7^l 

10 it#0. 5iT'ti^^S^ai**>'|fiI±L. -wusllc 

u^fc#*>a»s. aclasis;* immL&m^z <o 

^fccEh-SmSEJ: 9*£ < =3: *) , ^«y K^«rr*fcfc * 
waESyajSg^^KfiT-f?.^ lOtesfcTtf) 
KHtRR^-rS. 5rfc. H0{±5l^ji»^2 1*<O. 
3/tmc0lfJ)V^^UTV^A«. ^a^iSS*^^ 

[0 0 57] HiSOJgffi5. -o&zyyvfXiH Vt 
30 x#-f K^bHISEfc:'i^5: J: < . f 

[ 0 0 5 8 1 xj*v ?m-eimLt:Mm.{t 1 . 1 to 

40 Co-Zr-NbK^tttSa^+Tl 7 0"CT'T-— )V 

■t&zttzz-oT. mxiimswi 5^f» k» © 

-ftM^ttrifiKOfta^^'0. lx/PX^-y HHT^Mft 

«*eJt«^i !: ©S2 2*50. 5ixm. g£Hi^$2 3*>- 
0. 3*tmC0A.. y FfeKftLfc. te*?r*ltSrr. 
CL. «*^Jl5^30ffll«{±. mSMtMlimm<7M 
M2. tmmX't>&. (Ml -Tl)/(Mf -Tf ) 
mtf. 0 . 2JH±0 . UXFC&B&^'r H»tt*i 
50 ?t. 
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[0060] W&m&b . 1$IZ7 y y 9Xij4 m 

mz^xwmth. mis\t. iESb'.y mio. i i 

J43l#ii*iS$2 1#>*0. 3jum, l&ftSlilJffr?©^ 
2#0. 5jum, gtfiii£2 3#0. 3jum. >--^K 
HffiSl2 10nm. SaimtliS^3{4SiSiaEttJi3 4fc 
tXNiOi50nm.m2<mSmm33tLX^~ 30 
Vo4£3nmi3.J:a f Co£ lnm, #JH4J13 2i:L 
TCu£2. 3nm. gSlf58J8tt«3 lfcLTCofc 
0. SnmiJi^N-VO-f l:4nn>||^iUM 
LfciWC&O. -e^-hS!S«{i9Qegrc*0. 
777?^ K{ia^Co9i.6Zr2.5Nb 5 .9 (at 
%) c7)]gTlfj£$^TV^. =5:ii. SUlOfitriffiRtt. 
WTO:* 

r= (mam) x / (mm 

(Brffi) = ((H) x (JS3) 40 

T&Sfc-r&fc. UH) = (£$) Tft4*»6. tt 
JSR<iR= / UPS) fc&S. ^WRTi&b 

[ 0 0 6 1 ] 0 1 8fc*L>t 77 >y KOjRJ? 

v>wmtf2 o n m & t . %Mizn$nnjnmT-f 

77 y ?X#>f H 2fc#S^S*yxmS£#iiJltf-?>2& 

fcii;777;x^ F2tA-53tfi8^<o+-r% st^so 



*mt}f&?3£Si3§-f Ti^^Klh fc 
itfjja§^-/l'h' l 2Kg^S65^3K&£3&*tf> 

mizKik. m.^mrr-tttafx^K. yy>/? 

h 2 t % i *mmm 3 1 coimcoitmco 
m&x\ 7yv?x#JV2<rmsm&izmi<rm®& 

■*£>iS*>7imtiZ>%t\ mnnjjtf*£mz%:&. 
Ltitfix. 777? x#4 v 2 cowmr f <D&& 

KffltfO. 5nmgTfS20nm-?W. 

[0062] *ms6fr>%mt. wjeo^v ho^s. # 

li. H*3»3, 4. 5fct£fiU: 

\>\ B9Mftiti$7«>ttfln±« N i O/N i - F e/C o 
/Cu/Co/Ni-Fet^. £4)RC6JlCffli 

^^><1S. tltz.tt, IrMn/Co-Fe/Cu/ 
Co-Fe/Co-Zr-NbtUi, 5Jf4)«JfflK2- 
ttttbi. 77 7?WK««f{)fcti»'« 
-7D^CoS7Wrx (v^tKSttJS) # 

[0063] Wkommn . ^iz^mnz^hm 
^a.-, v^m^mcom^cmm^^xmrnt^. m 

1&<7>BB2£t5^X » NiOJ5 0Din^2«i8tt 
«3 3 fc LT>»N°--7n>f Sr 3 nmtJitfC o 5- 1 nm. 
#®ttJf3 2fcLTCu£2. 3 nm, §51<7«l&tt» 
3 1i:LTCo£0. 5 nmi5j;lA'\--7cM £4 nm 
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9Gm£X'b&. Cl«0GMR^3bi:Co-Zr-N 

btJ:S777? x*H Y t efflft&bitlzX 9 , 
%^vYim£ltzZkiz^Xl>mz&<Jz. L*»U 
K3£ateil34£N i O-ClgflKLfctfjAV ^ 
•y Kftftl*£2 5 Og£j@;iSiEM:ro-teXi&g?:fflV> 

[0064] ^aoo^? Y<ma&fo<nmtenim 

WS. 01 9. 20, 2 1. 22fcJ:tf23«. USt 
f*S. 01 9~2 3tC^L3t«rf-{i. 01~18K5S 

LIzft^kgMXbh. 5Sr±5. J2rRO0»i±iii0fc<e<O 

Tsj:tf***fc*h.«u mmij^fzmmm 

0. fflffi3&^5/cBfffl^HB0Sr|B|^t^LTV^. 
[0 0 6 5] M13fcLT. mmizWihilfz 
A 1 - T i -CS«Jit:mi<oaMv— ^HKTJ>ST 
B^— fl'Kl 1 fc5r£Co-Zr-Nb£l//nu X 
^••y * 'J >?mzi. OlSISL. 0r£^g*t^SJiSft 
fljS-fflvvCXy^-y^fcfr^ (Xg(b-D) „ 

T^ yT14fc&£T^$:H&g|g£0. l//m 
BgJSL <Xg(b-2)) „ Sl«777?X^K2ct 
l/CCo-Zr-Nb£lOnm£j£Jl (Xg(b- 
3) ) . tt!Mft:lSft?fc LTGMRsg^ 3 b *mfc?&tz 
#>SS1 ?>36S&tt«3 1 1 LTVN-VD>f £4 nmiJitf 
Co50. 5nm, #®SttJii: LTC u £ 2 . 3nm, 
Wi20mm&Mt LTCo£ 1 nmi5j:tA''?-vu>f£ 
3nnu ^mW&MtLXl r-Mn^lOniniiS: 
SILfc (XS(b-4)) tC-?)i019tC^r. £1zG 

MRm?3b<D±Tizii8mmtTtmi>mrt: (0* 
-it-f) . ore 02ot*i-rt<«»giaj^«§ 

2 2 tJBftt*fc»tPS;x h 6 3 £EJj£LTBt#Siaj 

[0066] ore 02 1 tc^-rrt < , &f jcosb i 

©77 7?^ h*2cfcGMR#^3bC0X yf-y^ 

s-ffw «^!aj3gi t ^$2 2$-}gfi£Lfc. ore 0 
2 2 jes-rr t < . wx v 6 3 zmzitr. m 1 ^>7 

^ y ^ XiH Y 2 a fc£S»£lH: J: Ofi&JWWcghH-S 
Jdfc82<975 y?X#4 K2d£j£KU:. d<0i: 
7 7«y^X^r>f K2c i: 2d t(i x ftff|S|-<Difflj£ 
fcJ:t/We&££*:#77y7X#>( FflOffiftlsHg 

[0067] ort02 3 ti^-rri: < u y h*ym«z 

£*)l>iSXh63t:m;Ltz (Xg(t>-6)) . tTFtiH 
H<^ffi2W01 3£lTt^tte E&Ig£i;:7h:*7 
aTJg^SXS (Xg(b-7)) % 777?X^ KX 
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zzimt&jLm (xs(b-8)) . f&2(mmm£Bf8. 

•t&xm (XS(1^9)) . »S2««SIS^-^KT*6± 
W^i/-)VYZBm-hJM (Xg(b-lO)) JrtT^^T 
^•yK^^S^-S. 

[0 0 68] itz. T~-MzmLXltizbtt£xm(b 

*e h7>y?H#fifcttSa8#10. 0 0 0A/mg 
&£l^LT3 5 0Xr?fif37--;K\ Xg(b-8) 

io is i mm/ms xx/y y~,? xm Yvsmxemk 

Y 5 vtWi&HZ-th-tzMz^ T--)V&*X2 5 0*C 
\izmSk fv«y H»S*|6]fc:KSaa*8 0 . 0 0 0 A/m 

w&*m®Lxi^nmmLfz<r>*>. i7ox:tL 

> 7 >y HS$*|p|fcit«[e# 10, 0 0 0 A/ 

[0069] Z<0fflfcL1z'\>y Yt. «at7J34 0kA 
/nu Sf?!Kfl:0. 4 2T. «E«c»0. 2/xm, ^m. 
fflffl? R a 8 n m<??^ ^;l^fti07 V*tis7tVm&:m 

[0070] HJ&0JB®8. ^fc. |QS<OJgffi7fciJV^ 

if. 024(^tJ:3e yyvtxm K»ll£«fc 
h7-y^<B9fc-^t$-fr. ^nxh-^^ftt5r|fij±§-a: 
Tt>i^. 024<±. ^^<7mm.^iM^i>hm^ 
•y K<OT^*^*7tBrraJlBB0T'* S . 0 2 4 tc^ LJt 

30 «ffi8at>J;tX8bt,GMR^3fc|^«(C^!jMA^ 

&. £tz. 024-TO. mffi8atJ«t^8b*«77>y^ 
XiJ4 Hfcffl»LTV^4*», ftffi8ai>J:tX8b<7)raiS 
£h7-y?B9±9*S<-r&.Ifce}:>h «*«a5^ 
^3<0^fcS»§-frSi:. •feyxSeg<7)+T'e*«l*^ 
^3(C8^^«»?i«gSSr«'?>^i:* { 'Cr«.. £ 
*>. 777?x#-f Kt:02 5t^rJ:p^+^H8 
tt<0+SS 5 1 2r^fc1«ai4Jltf>2Jf 5 2 atJ«J:t^5 

40 2 b zmm Lizw&kwm-t t . mmrnvmrn^r. 
^v^-ifiTtfhnx'. wmmm^th. 025 

^mmmms^z^hhrn^-/ Y^mmi)^ 
*tzmmmx$>z>. iotf&v\ 21^^5*575 

v9xiH YtLxnWZttch. 
[007 1]Hfecojg®9. iiz. 026fc^TJ:a 
e 77-y^X^F^^H5 5fcLT. mS8at>J; 
tf8b<^TtFe-Mn. Ni-Mn. Pb-Mn x C 
r-Mn%t'ff)m&&m$>& OtiC o-Cr-Pt, 

Co-Cr-Ta^rf. 9t%mmz£~>xmtt.<Dfo%tf 

50 ^tC^fllL'iVv^Hatttti^^SvN-F^ttaS 



(13) 
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5 a J: 5 5 b £glt. 777? xiU Yeffl&jrm 
X'S)~>Xi>£\>\ 

[0072] m&mm 1 o . m^mmix-titm^ 

is7)mmzMLxmm£mit:ft'>ti. mweiz 
a. mi&Mmiz* 50, m&tmmsmzx oa 
%m5mmX'mfcLtif&0>¥im$m^xmi&L. z 
zx-awfemt r a ( *wp**ffls ) c i -oxmh l 

•7 Fifx^y ^ 3 yoffimt 5 g f fc Lfc . ^ <O0 
J: 1 ). ^^BfflSRafr'l OnmOTfciJV^TIi. t$ 

il i: . ftHBifega&ftf 1 0 n mggt 

3>h t . Sc7JB#fg]C0^f]-Ct^-y KSffitt lOOnrag 

SfcUiiiflwW^ffiffl? Ralil 0 n mVXfX'bhZ 

ktfXw tt:. zc^mi^Y^Miz^^yY 

fM£Ra#l OnmJaTT'tt. £*)gmtitt%& 
*»\ I*<W^ffl?Ra*5l 0 nm J: DA^V^fcl 

#0 . 1 nmJJlh-C^fc^ y Y bmW<OW6ifi^iZ 

%^ffift$RaCO»^ U^B«0 . 1 nmliLtl 0 n 
[ 0 0 7 3 ] ifc, ffl*fj*g. 3 yaffimz 

^x\m%&m*:m^xi>. immmirymf&i:^ 
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